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KEY TERMINOLOGY
Adaptation = stakeholders’ actions that can influence the coping
capacity (the level of vulnerability). It is represented by
changing a set of variables in the model
Disaster = an extreme event which can disrupt community
livelihoods
Hazard = a potential event which can cause severe impacts to the
community
Resilience = a change on vulnerability levels as a result of different
applied community adaptations
Risk = The probability of disaster impacts.
Recovery = A process in a community after disaster
Vulnerability = the dynamic and systemic performance of community
capacity to cope with specific hazards over time and
across space
Vulnerability
indicators = measurable values for establishing the level of
vulnerability
Vulnerability
factors = issues that can affect the performance of community
vulnerability levels
1Abstract
While the need to move beyond reactive adaptations for disaster risk
management is well established, the benefits of a more integrative, proactive
framework need to be assessed in terms of community vulnerability. Dynamic
system modelling is a valuable tool for integrating concepts of vulnerability,
resilience and adaptation and understanding the relationships among them for
the purpose of reducing future vulnerability levels. This thesis presents an
approach to assessing community vulnerability levels as well as evaluating
the effectiveness of proactive adaptations to enhance community resilience
both under current conditions and under future climate change scenarios.
I undertook a case study in Centini Village, East Java Province, which is one
of the poorest villages in Indonesia and is exposed to both annual floods and
occasional extreme floods. A community vulnerability model under current
conditions (base model) was constructed using data from Delphi Technique
(with 18 stakeholders), secondary surveys and semi-structured interviews
(with 11 key informants). Twenty nine vulnerability factors were identified to
direct the processes of model building. The base model consists of seven sub
models representing flood, victims, housing, responses, income, expenditure
and savings. I also developed two main scenarios of adaptations based on 1)
eight current adaptations, which are predominantly reactive and 2) eleven
proactive adaptations, which are classified into three main groups of spatial
plan implementation, economic development program and proactive
community actions. Those adaptations are assessed to minimise three
indicators of vulnerability (Victims, Damage/Losses and Recovery). In
predicting flood characteristics under future climate change scenarios, I
modified the base model using rainfall data predicted for 2040-2060 using the
GFDLCM2.0 model, as the best-fit General Circulation Model (GCM) for my
case study.
Outputs from the base model reveal that the community has a high level of
vulnerability to flood. Floods have a major impact on villagers resulting in
greater levels of poverty in the community.  Model outputs also indicate that
current reactive adaptations are not adequate in reducing vulnerability levels.
After applying proactive adaptations to the model, reforestation of the upper
catchment and flood infrastructure redevelopment emerge as the most
effective approaches for decreasing all indicators of vulnerability as well as
enhancing community resilience. Other adaptations have significant effects in
decreasing selected sub indicators of vulnerability, including improving the
quality of the municipal disaster unit, promoting better house construction,
insurance mechanism and cash transfer program. Under a future climate
change scenario, without improved adaptations, the village will face
substantially greater impacts from floods particularly increases in the number
2of deaths, evacuated villagers, major damaged houses, number of weeks of
evacuation for villagers and average savings. The influences of proactive
adaptations on community vulnerability levels in the base model under current
conditions are different compared with the model under a climate change
scenario. Reforestation is still the most effective adaptation. However, flood
infrastructure redevelopment will no longer be an effective solution as the
flood level will often overwhelm the infrastructure and the risk of collapse will
pose a serious threat. For selected sub indicators, strengthening the municipal
disaster board emerges as an effective adaptation to reduce the number of
villagers with chronic diseases, number of weeks for villagers with chronic
disease and economic losses for middle income families.
This study demonstrates the value of using decision support systems, such as
system dynamic analysis, in assessing vulnerability for disaster risk
management, both under current and future scenarios. The model presented
here also demonstrates a method for integrating vulnerability, resilience and
adaptations under the umbrella of disaster risk management. The results of
the case study highlight the need for an integrated approach to implementing
proactive adaptations, requiring coordination of multiple aspects of public
policy. Furthermore, the effectiveness of including stakeholder inputs in the
development and validation of the model was demonstrated. The
recommendations presented here have the potential to reduce community
vulnerability to floods in Centini Village. With some adjustment, the method
used in this thesis has the potential to improve disaster risk management in
other locations or hazard types with different types of proactive adaptations.
3CHAPTER 1
RESEARCH CONTEXT
1.1 Research Background
Major disasters around the world over the last decade have highlighted the
need for improved disaster risk management (DRM). Events such as the
Indian Ocean Tsunami 2004, Hurricane Katrina 2005, Sichuan Earthquake
2008, Cyclone Nargis 2008 and Rio de Janeiro Floods and Mudslides 2011,
resulted in significant numbers of fatalities and costly damage to infrastructure.
In Indonesia the issue of DRM has been raised particularly since the 2004
Boxing Day Tsunami which hit several countries in the southern and south-
eastern part of Asia. Since the epicentre of the earthquake was in Indonesia,
specifically in Aceh Province, the disaster resulted in widespread devastation
to the province. The tsunami also prompted the Indonesian Government to
focus more attention on DRM. In addition, extreme situations in the future
have been predicted to increase under the climate change scenario (Cruz et
al., 2007). For all these reasons there is a need to improve the approach to
disaster risk management, in particular to integrate DRM processes with other
government or public policies and instruments in order to minimise the impacts
of future disaster events.
Disaster risk management (DRM) is an integrated approach to reducing the
impacts and probabilities of disasters (UNISDR, 2007). It has been a global
issue since the impacts of disaster dramatically increase based on data
provided by EMDAT (2013). Since it is a global issue, global actions have
been taken in response, such as Hyogo Framework for Actions 2005-2015 for
general disaster risk management and IPPC Fourth Assessment Report:
Climate Change 2007 (AR4) for specific issue (climate change). Those global
agreements have been periodically discussed in order to reduce the impacts
of disasters in the future.
As an integral part of DRM, vulnerability has been widely discussed as a key
concept in reducing community risk to hazards. Research on vulnerability has
been conducted from a number of different disciplinary perspectives ranging
4from physical and engineering research fields to social and management fields
(Roberts, Nadim & Kalsnes, 2009; Marandola & Hogan, 2006; Adger, 2006).
There is an increasing practice of combining different disciplinary perspectives
(Marandola & Hogan, 2006). The concept of vulnerability is particularly useful
in discussing community capacity to respond to hazards of various kinds. The
levels of vulnerability reflect the degree of community capacity in coping with
hazards. As a consequence research on vulnerability can play an important
role in minimising the impact of future disaster events in a community (Ionescu
et al., 2009; Nicholls, Wong, Burkett, Woodroffe & Hay, 2008; Adger et al.,
2004).
Even though many applications of vulnerability assessment have been
conducted since the 1980s (Gabor & Griffith, 1980), the principles
underpinning the assessment process, particularly in discussing the
effectiveness of adaptation measures, remain a subject of debate (Barnett,
Lambert & Fry, 2008; Adger, 2006; Rygel, O’Sullivan & Yarnal, 2006; Adger,
Brooks, Bentham, Agnew & Eriksen, 2004; Cutter, 1996). Luers, Lobell, Sklar,
Addams and Matson (2003) argue the need for future research to better
integrate the three key concepts of DRM: vulnerability, adaptation and
resilience. Furthermore, understanding the relationship between these also
requires consideration of the dynamic aspects of community vulnerability that
reflect core characteristics of communities as dynamic and systemic entities
(Bankoff, Frerks, & Hilhorst, 2004). These issues (e.g. assessment process,
integration of key concepts in DRM and accommodating community
characteristics) can be drawn on to enhance the validity of vulnerability
assessment results. Furthermore, accommodating these issues in vulnerability
assessment may improve the value of the concept of vulnerability in DRM,
particularly by integrating it within government policies and instruments.
In Indonesia, disaster risk management has become a major concern,
particularly after the Boxing Day 2004 Tsunami in Aceh Province. The
substantial impacts of the tsunami prove that risk management was lacking. In
response, national level regulations have been ratified such as the National
Act 24/2007 on Disaster Management, the National Action Plan on Disaster
Risk Reduction 2006-2009, and others. The purpose of the new regulations
5(ratified in 2008) is to develop clear requirements as to how disaster risk
reduction should be delivered by both governmental and non-governmental
organisations. Government Regulation No. 8 and 21 from 2008 describes the
roles and responsibilities at the national board level for organising disaster
management. Other government regulations in 2008 (no. 22 and 23) outline
funding and other support systems, and the involvement of international
organisations and NGOs.
In the meantime, Indonesia is also facing a new direction in its planning
system due to the recent ratification of two major acts of parliament, namely
the Planning Act no. 26/2007 and the Small Islands and Coastal Management
Act no. 27/2007. Both of these Acts recognise disaster events as one of the
most important issues requiring management. However, contemporary
discussion around disaster management and the Indonesian planning system
tends to focus much more on hazard assessment than vulnerability
assessment. For example, assessing hazard probability is a more popular
research activity compared to investigating the current or future of
communities’ situations in responding to hazard probability. Other problems
include the fact that disaster management is still in an early stage of
development and is not integrated with the planning systems or vice versa.
The integration among them is crucial due to the important role of the planning
system and the planning profession in disaster management (Bosher, Dainty,
Carrillo & Glass, 2007). The need for a planning instrument is also regarded
by key scholars as more important than an emergency system for anticipating
routine hazards rather than just responding to incidental hazards (Handmer &
Dovers, 2007). This kind of problem also becomes an issue for vulnerability
modelling particularly for routine hazards.
Planning has an important role in anticipating routine hazards, and some
planning instruments, such as scenario modelling, can be used to minimise
the impact of such hazards (Bosher et al., 2007; Handmer & Dovers, 2007).
Scenario modelling can assess the likely effectiveness of some actions that,
within the disaster context, can also be termed as adaptations (Biesbroek,
Swart & Van Der Knaap, 2009; Smit & Wandel, 2006; Wilbanks, 2005). The
use of quantitative approaches in scenario modelling can also produce
6recommendations for ranking the adaptations from the most effective to the
least. In addition, it will also give some quantifiable information on the
consequences of chosen adaptations. Therefore, policy makers in DRM can
be better informed before selecting any adaptations to minimise the impacts of
future disaster events.
Considering the limitations of current vulnerability assessment processes, my
study clarifies some the key concepts important for vulnerability modelling in
order to improve DRM.  I use scenario modelling to analyse the effectiveness
of adaptations on future levels of vulnerability. This research will assist in
developing an assessment process for vulnerability and will propose a process
to integrate vulnerability with public policy and the planning system.
1.2 Research Problem Formulation
Vulnerability is one of the main concepts in disaster risk management
(Prabhakar, Srinivasan & Shaw, 2008; Gabor & Griffith, 1980). Even though
the concept has been examined since the 1980s, further development is
needed, particularly to inform the assessment process (Barnett, Lambert &
Fry, 2008; Adger, 2006; Rygel et al., 2006; Adger et al., 2004; Cutter, 1996)
and to make connections between vulnerability, adaptation and resilience
(Luers et al., 2003). A clearly defined and rigorous assessment process is
important because assessment results are commonly relied upon for deciding
the most effective adaptation in future disaster risk management (Young et al.,
2010; UNFCC, 2007; Smit & Wandel,  2006).
Within vulnerability literature, vulnerability has been discussed as a part of the
disaster mitigation stage (Shah Alam Khan, 2008; Moe, Gehbauer, Senitz &
Mueller, 2007; Federal Emergency Management Agency (FEMA), 2006;
Atmanand, 2003). Since DRM is still at an early stage of development in
Indonesia, some of the recent ratified regulations have not yet sufficiently
covered the integration of DRM with public policies and spatial planning
systems. This integration is important particularly for routine hazards which
clearly require attention in both public policies and the spatial planning
systems to ensure better prepared adaptations for minimising the impacts of
future disaster events.
7There is a need for better understanding of the effectiveness of adaptations to
reduce future community vulnerability (Ionescu et al., 2009; Nicholls et al.,
2008; Adger et al., 2004). Furthermore, the connections between vulnerability,
adaptation and resilience need to be clarified (Luers et al., 2003). Therefore,
the effects of adaptations on vulnerability should provide a rational foundation
for the public decision-making process. Those linkages between vulnerability,
adaptation and resilience will also help to integrate DRM with public policies
and the spatial planning system.
Investigation of the interrelationship between vulnerability, adaptation and
resilience can be conducted using scenario modelling (Adger et al., 2004).
The modelling itself can evaluate the effectiveness of adaptations which will
be reflected in the level of future vulnerability compared to the current level. As
a result, the modelling process can contribute to the development of the
vulnerability concept, particularly through refining assessment processes.
Furthermore, the modelling process can also address the current lack of
integration in DRM.
Considering the need for 1) conceptual clarification, particularly in the
assessment process and 2) practical investigation of the effectiveness of
adaptation measures in Indonesia, my main research question in relation to
flood hazard can be formulated as follows:
“How effective are adaptation for reducing future vulnerability
levels in a certain place based community where the most
common disaster is flooding?”
This research question is addressed using a case study based research
design that focuses on Centini Village, Laren Regency, Lamongan
Municipality, Indonesia. The type of disaster that this region is most prone to is
flooding. The main research question is subtracted into four research
questions which translate into a set of research stages. The sub questions are
as follows:
1. What factors affect the community’s vulnerability?
82. What is the current level of the community’s vulnerability in responding
to flood events based on these factors?
3. What is the likelihood of vulnerability changing when there are changes
to several factors as a result of adaptations and climate change
scenarios?
4. How can vulnerability be incorporated into other public policies,
particularly in Indonesian planning systems, in order to enhance
community resilience to future disasters?
1.3 Research Aims
Based on the research problem formulation above, my research has two main
aims:
1. To develop a suitable framework for reducing future community
vulnerability in the context of disaster risk management.
2. To develop a process that integrates vulnerability with adaptation and
resilience concepts to have a better framework for disaster risk
management.
1.4 Research Scope
Two approaches were adopted in defining the scope of my research: 1) the
position of my vulnerability assessment and modelling research within the
relevant literature on vulnerability and other related concepts and 2) the
location of my case study. The position of my vulnerability research
determines the part of the vulnerability concept which will be my major
concern in this thesis. Determining the location of my case study will give an
orientation to my research in which vulnerability assessment and modelling
are applied.
Since flooding is the focus hazard type in this research, the discussion of
vulnerability will be conducted in responding to flood events. The research will
assess vulnerability using modelling processes. Given that community
vulnerability is the main concept of concern in the research, multiple aspects
within a community will be considered, including its physical, social, economic,
and institutional aspects. In addition, the concept will be discussed by
integrating vulnerability with other key concepts in DRM, adaptation and
9resilience. Other concepts beyond DRM will also be considered, including
community, strategic planning, public policies and social capital. After
consideration of these concepts, the assessment of vulnerability will be
integrated with public policy and the planning system.
The Lamongan flood event is one of the routine hazards in Indonesia.
Lamongan experiences annual floods and major floods occurred in 1967,
2007 and 2008. The main river in the area is the Bengawan Solo River which
passes through 17 municipalities and three cities within two provincial
boundaries on Java Island. It is also the longest river in Java with the
watershed area covering about 19,778 km2. Moreover, the potential risk of
flood caused by the river has significantly increased due to climate change
impacts (Hidayat, Sungguh, & Harianto, 2008). Therefore, considering the
effect of climate change on the future floods’ characteristics in my case study
will be important. Between the end of 2008 and the beginning of 2009,
flooding in Lamongan Municipality resulted in the inundation of 16,733 houses
and evacuation of 2,212 persons. The estimated cost of flood damage is
around USD $ 27.5 million (Lamongan Municipality, 2008). The flood occurred
in 12 out of 27 regencies out of which Laren Regency suffered the most
impacts. The annual flood inundates some villages in Laren Regency, such as
Centini Village, to about a meter deep.
Centini Village was chosen as the location of my case study, as it is an area
that experiences annual flooding, including the recent and high scale 2008
flood. The justification of my case study selection is presented in Section 3.2.
Administratively, the village is located in Laren Regency, Lamongan
Municipality, East Java Province, Indonesia. Lamongan is one of the
seventeen municipalities which are crossed by Bengawan Solo River. The
orientation map of my case study location can be seen in the following figure.
A further description of my case study location can be found in Section 4.1.
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Figure 2.1 Orientation of Laren Regency, Lamongan Municipality, Indonesia
as the case study location
Note: Specific location
One of the main aims of this research is to develop a better framework for
disaster risk management, hence any results of vulnerability assessment and
modelling should be able to be generalised from a specific case study to a
wider context. Since flooding is a common and routine disaster type in
Indonesia, the results of my research should be applicable to other typical
areas. Because the concepts of vulnerability and modelling processes are
context-specific, the exact community vulnerability model cannot be applied to
different case studies. However, the approach demonstrated in this research
will be relevant to any DRM setting. Furthermore, the learning process on
proactive adaptation will also be valid on a broader scale.
1.5 Thesis Structure
The thesis responds to the four research questions which were established to
make assessments on vulnerability both under current conditions and under
climate change scenarios. Comparison of the results may identify the
effectiveness of adaptations for better future community conditions. Some
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suggestions may also come from the results for the purpose of reducing
vulnerability as well as enhancing community resilience.
In order to commence the research study, I needed to firstly formulate the
research direction and this is described in Chapters 1 and 2. I identified the
literature gaps on vulnerability assessment and my responses are in Chapter
2; these gaps formed the basic principles of the thesis. Consequently, I
developed the research methods that would assist me to conduct research
based on the formulated literature gaps and the basic principles of research
direction and these are presented in Chapter 3.
Chapter 4 describes the case study area and includes a brief description of
Indonesian disaster risk management, the impacts of flood in my case study
area and current community responses to flood. Chapter 5 presents the
finalised vulnerability factors, current adaptations and proactive adaptations
based on the stakeholders’ explanations and illustrations in Chapter 4. Those
outputs in Chapter 5 were then used to build a base model which is described
in Chapter 6. Validation of the base model is presented in the final section of
the chapter to ensure the reliability of the model to be used as a tool in a
public decision-making process. The assessment process is discussed in
Chapter 7 which includes assessing the current vulnerability levels with the
current adaptations. The chapter also assesses the effectiveness of proactive
adaptations under current conditions. In Chapter 8, I assess the vulnerability
levels for the near future under a climate change scenario. I then assess the
effectiveness of proactive adaptations under this same scenario. Finally,
Chapter 9 discusses three issues on the effectiveness of proactive
adaptations both under current conditions and under a climate change
scenario. It concludes with recommendations for better future community
safety.
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CHAPTER 2
LITERATURE REVIEW AND THEORETICAL
FRAMING
Vulnerability in Disaster Risk Management (DRM) has been examined
considerably since the 1980s, but the various approaches to assessing it have
resulted in the concept sometimes being used interchangeably with other key
concepts of resilience and adaptation. The lack of clarity about the relationship
between these three key concepts has not been adequately addressed as
most research has been conducted within a specific disciplinary framework
which focused on just one of them. Therefore, this chapter will mainly discuss
the vulnerability concept within the broad literature of DRM. The focus will be
on the concept interpretations, locus, current assessment practices, key
dimensions and the gaps in previous assessment practices. The gaps
provided the main input for designing my research in vulnerability modelling.
2.1 Overview of interpretations of vulnerability within
different academic disciplines
Since the early 1980s, the concept of vulnerability has been examined across
a wide range of disciplines. Marandola and Hogan (2006) and Adger (2006)
state that the study of vulnerability has been assessed in the disciplines of
demography, geography, human ecology, economics, anthropology and
psychology. The topic has also been approached from both natural science
perspectives (such as engineering and natural processes) and social science
perspectives (Roberts, Nadim & Kalsnes, 2009). Table 2.1 provides a list of
disciplines that are relevant for framing research on assessing community
vulnerability. Therefore, the study of vulnerability can be described as a
multidisciplinary concept.
The multidisciplinary approach to the vulnerability concept leads to a multi
interpretation of the concept and interchangeable meaning with other key
concepts in DRM such as resilience and adaptation. Although there have been
different interpretations of some of its basic terminology, Cutter (1996) and
Adger (2006) argue that the varieties of interpretations indicate the importance
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of the concept across the disciplines. In addition, Cutter et al. (2008) also
illustrate the connections between vulnerability, resilience and adaptation
indicating that a variety of meanings and relationships are used (Figure 2.1).
However, greater definitional clarity is needed to progress research in areas
such as vulnerability assessment (Cannon, 2008; Ionescu et al., 2009), a key
concern of this research. It is essential especially for the purpose of modelling
which builds the linkages between the three key concepts of DRM.
Table 2.2 Some relevant discipline areas and references in vulnerability
assessment and modelling research.
No Discipline Area Relevant references
1 Demography Armas (2008)
2 Urban infrastructures Pitilakis et al. (2006)
3 Risk management Villagran de Leon (2006)
4 Social science (sociologi) Dwyer et al. (2004); Adger & Kelly (1999);Bankoff et al. (2004)
5 Environment management,science
Barnett et al. (2008); Nicholls et al. (2008);
Preston et al. (2008); Messner & Meyer
(2006); Luers et al. (2003)
6 Socio-economic modelling Ionescu et al. (2009); Rygel et al. (2006);Brenkert & Malone (2005); Dwyer et al.  (2004)
7 Development studies Cannon (2008)
8 Socio-political Carina & Keskitalo (2009)
9 Geography, human geography
Cutter & Finch (2008); Cutter et al. (2008);
Marfai & King (2008); Smit & Wandel (2006);
Marandola & Hogan (2006); Downing &
Patwardhan (2004); Cutter et al. (2003);
Weichselgartner (2001); Clark et al. (1998);
Cutter (1996)
10 Sociology Gillespie et al. (1993)
11 Engineering Odeh (2002)
12 Public policy Sharma & Patwardhan (2008)
To clarify meanings, I specify the terminologies for the three concepts for the
purpose of community vulnerability modelling. Even though all concepts focus
on community capacity to cope with hazards, vulnerability is often perceived
as a state of community capacity, in a specific time and place. Therefore,
vulnerability assessment should be made for a single time frame (past, current
or future) and for a defined geographic area. In contrast, Masten, Best and
Garmezy argue that “resilience” is much more a result of community actions
(as cited in Glantz & Sloboda, 1999). Since it is a result of actions, resilience
assessment therefore has to assess the difference between vulnerability
levels at two different times (past to current or current to future) in order to
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determine the period of time needed for a community to “bounce back” after a
disaster. As a result, it can be determined that a community has bounced back
from one situation to other situations, each of which can be measured in terms
of the state or level of the community’s capacity. Despite the fact that the
concept of vulnerability is based on coping abilities, adaptation refers to
stakeholders’ actions (as defined by Biesbroek, Swart, & Van Der Knaap,
2009; Smit & Wandel, 2006). Adaptation is one of the instruments that can
influence the coping capacity (in this sense it is the level of vulnerability).
Having differentiated the meaning of vulnerability from the other key concepts,
the meaning of vulnerability will be used to position the concept within DRM in
the following sub section.
Figure 2.3
Conceptual linkages between vulnerability, resilience and
adaptation. Adapted from Cutter et al. (2008, 600).
2.2 Vulnerability within disaster risk management
(DRM)
There are five major discipline areas important to positioning vulnerability
within the literature. The five disciplines are economics (which includes
poverty dynamics, asset-based approaches, sustainable livelihoods and food
security), sociology/anthropology, disaster risk management (DRM),
environment and health/nutrition (Alwang, Siegel & Jorgensen, 2001). Table
2.2 provides an outline of these discipline areas, the research focus in each
area and the types of assessment conducted by each discipline.
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Table 2.2 Comparison of vulnerability research focuses based on various
disciplines. Adapted from Alwang et al. (2001).
No Disciplines Research Focus Type Of AssessmentConducted
1 Economics (includes
poverty dynamics,
asset-based
approaches,
sustainable livelihoods,
food security)
Outcome-based
responses to risks (ex
post)
Valuation and comparison
in a more measurable
metric (common metric)
such as money
2 Sociology/anthropology Dynamics, including
intangible aspect, ex
ante and ex post
Multiple measures and
participatory effort
3 Disaster risk
management
Relate human
vulnerability with natural
hazards as part of
disaster management
cycle
Vulnerability is a result of
hazards and coping. Major
efforts are in vulnerability
mappings
4 Environment Outcome-oriented and
risk-based with focus on
ecology
Focus on hazard and
exposure
5 Health/nutrition Comes from nutrition
status discussion,
individual outcome
measurements-based
Links nutrition and health
status with socio-economic
condition
Based on the typology above, my research is located within the disaster risk
management (DRM) discipline. The convergence between human and natural
aspects of vulnerability is the main value of selection. In addition, some
aspects of the research assessment types from other disciplines will also be
incorporated to improve the rigour and useability of assessment results
particularly for modelling purposes. The aspects are measurable metrics from
the discipline of economics, and multiple measures and a participatory
approach from the discipline of sociology/anthropology.
Within DRM, vulnerability assessment is located on the disaster mitigation
step. Even though there is no single approach to DRM (Godschalk, 1991;
Mileti, 1999 in McBean, 2008), it involves cyclical actions to enhance
communities’ response to disastrous events. The basic idea of the cycle can
be simplified as the four major steps of mitigation, preparedness, response
and recovery (Shah Alam Khan, 2008; Moe et al., 2007; FEMA, 2006;
Atmanand, 2003) as provided in Figure 2.2. Following those four steps, the
vulnerability assessment has been determined as part of risk assessment.
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Figure 2.4 Schematic of vulnerability assessment within disaster risk
management. Adapted from Prabhakar et al. (2008); Shah Alam
Khan (2008); Moe et al. (2007); FEMA (2006); Atmanand (2003).
Vulnerability is one of the key concepts in disaster risk
management.
2.3 Historical development of vulnerability assessment
Understanding the history of vulnerability assessment resulted in finding six
directions for future research in this area. These directions were further
understood by reviewing some key literature such as Adger (2006); Marandola
and Hogan (2006); Cardona (2003); Cutter (1996); Blaikie, Cannon, Davis and
Wisner (1994); Kates (1985) and Gabor and Griffith (1980). Furthermore,
some other key literature also challenge the assessment process for future
research such as Barnett et al. (2008); Adger (2006); Rygel et al. (2006);
Adger et al. (2004); Luers et al. (2003) and Cutter (1996). Here I will briefly
describe the six directions for future research as a result of evolution in the
vulnerability assessment.
The first direction is a convergence between physical science (e.g.
engineering) and social science (e.g. management) which has been a turning
point in understanding the historical development of vulnerability assessment.
Cardona (2003) suggests that the early assessments have a strong dichotomy
between physical vulnerability and social vulnerability. Therefore, Marandola
and Hogan (2006) suggest that the convergence starts from the integration of
aIpApTEo oIph MAkAdEMEkT
aIpApTEo MITIdATIlk eAZAoa
AppEppMEkT
sulnÉrabilitó
AssÉssmÉnt
oisk
AssÉssmÉnt
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demographers and geographers under the umbrella of natural hazards. They
also provide evidence from the works of Blaikie et al. (2004); Ezra (2002);
Hunter (2004) and Satterthwaite (1998) (Marandola & Hogan, 2006). Those
works have assessed vulnerability from both the environment (biophysical)
and socioeconomic (assets and opportunity) perspectives. Cutter (1996, p.
533) also proposed particular terms of this integration by using ‘vulnerability as
hazard of place’ which combines the perspective of ‘vulnerability as a pre-
existing condition’ and ‘vulnerability as a tempered response’. Based on the
perspective of vulnerability as hazard of place, Cutter (1996) also suggests
several key characteristics of vulnerability such as a combination of
biophysical vulnerability, social vulnerability, geographic context, social fabric
and hazard potential; it has a dynamic character over time; and it is a kind of
loop interaction in which its components are related. Having an integrated
process of vulnerability assessment from different perspectives enhances the
quality of vulnerability factors as the main variables for determining the level of
vulnerability. The convergence between hard and soft sciences benefits the
research on vulnerability in terms of coverage and type of vulnerability factors.
As a result, the level of vulnerability will better represent the performance of
any case study.
Connecting with public policy in vulnerability research becomes one of the key
challenges in vulnerability research, particularly in reducing the impacts of
hazards. This is the second direction. Petak and Atkisson (1982), UNDRO
(1982), and Burton et al. (1978) have raised the issue of connection. They
discuss connection in terms of descriptive or prescriptive analysis.
Nevertheless, assessing the linkage between policy-making and vulnerability
is still one of the main challenges indicated in the key literature such as
Marandola and Hogan (2006), Adger (2006) and Adger et al. (2004).
Therefore, future research will need to assess the relationship between
vulnerability and public policy.
The integration of vulnerability with other key concepts (such as resilience and
adaptation) can also respond to the linkage between vulnerability and public
policy, which is the third direction. In relation to the integration, Luers et al.
(2003) clearly indicate that a combination of vulnerability, adaptation and
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resilience concepts becomes one of the central challenges for future research
on vulnerability. In addition, Adger et al. (2004) suggest that adaptation
assessment (as a function of adaptive capacity) be integrated with the
assessment of vulnerability in a quantitative manner of analysis. Adger (2006)
also restates the need for an integration process to link between adaptation
and vulnerability by stressing public policy in any governance instruments for
reducing future vulnerability levels. Therefore, the linkage between
vulnerability and public policy can be assessed by integrating the vulnerability
concept with other key concepts in DRM.
The integration concept values the use of vulnerability modelling in the future
assessment process which is the fourth direction. Adger et al. (2004) propose
that the quantitative assessment approach in integrating assessment of
vulnerability and adaptation can be conducted by a modelling process.
Conversely, varieties of assessment processes have been applied since the
early age of concept development such as in Petak and Atkisson (1982),
UNDRO (1982) and Gabor and Griffith (1980). The obvious similarity between
those works is the use of a single relationship between the components of risk
and vulnerability. As geographic vulnerability is a common approach, the use
of single relationship in measuring the performance of risks or vulnerability to
certain hazards is accompanied by certain geographic units. This approach
also often results in the mapping of the geographic performance of
vulnerability to certain hazards. Then the results of assessment are justified as
the source of public policy analysis. These previous methods have been
inappropriately used for determining stakeholders’ actions in reducing
vulnerability (Barnett et al., 2008). Therefore, the use of modelling can value
the effectiveness of adaptation in particular to find the most effective
stakeholders’ actions in reducing the level of future vulnerability.
In relation to modelling, the characteristics of community vulnerability can be
also emphasised as one of the assessments should imitate the social
processes within the community (fifth direction). Rygel et al. (2006) suggest
that a clearer approach to vulnerability factor selection is needed while Adger
(2006) proposes that vulnerability assessment should not be reduced to a
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single metric. Both ideas should be emphasised as a way of imitating the
social process of communities.
A growing issue on the systemic approach is also part of imitating the social
process of communities (sixth direction). The systemic approach can be seen
in the works of Blaikie (Blaikie et al., 1994) who introduced a serial
progression on vulnerability performance in the pressure and release models,
Cutter (1996) who emphasises the looping interaction between the
components of vulnerability, Pelling and High (2005) and Adger (2003) who
connect the vulnerability concept with resilience and adaptive capacity, and
Eakin (2005) who emphasises multilevel interactions between system
components.
2.4 Key dimensions of vulnerability for assessment
purposes
Even though vulnerability research has been conducted since the 1980s, there
are still different understandings of how this concept should be defined. Kates
(1985) highlights the literal meaning of the word as “the capacity to be
wounded”. Dow (1992) emphasises the importance of the term ‘capacity’ as
part of his definition of vulnerability and this emphasis is echoed in more
recent vulnerability research (e.g. Wisner, Blaikie, Cannon, & Davis, 2008;
Armas, 2008; Pitilakis, Alexoudi, Argyroudis, Monge, & Martin,  2006; Villagran
de Leon, 2006; Dwyer et al., 2004; Downing, Butterfield, Cohen, Moss,
Rahman, Sokana, & Stephen, 2001; Adger & Kelly, 1999).
The concept of vulnerability is multi-layered as the responses of individuals,
groups of individuals and social networks to hazards must be considered.
Adger and Kelly (1999) suggest that the vulnerability level reflects the state or
situation of the individuals, groups or communities affected by a disaster.
Dwyer et al. (2004) and Villagran de Leon (2006) suggest an even broader
range of research subject matter for vulnerability studies drawing on the
terminology of “human communities”. In fact, vulnerability research has been
limited to partial or individual appraisal (e.g. Armas, 2008; Odeh, 2002). Even
with this support for research into vulnerability assessment to extend beyond
individuals to larger groups, the fact is that most has been limited to partial or
individual appraisal. The larger groups should include groups within the
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community and also the community network, that is, groups that are related
both within and outside of the community, which are stressed in the social
capital literature (e.g. Reimer, Lyons, Ferguson, & Polanco, 2008; Wagner &
Fernandez-Gimenez, 2008; Putnam, 2000; Woolcock & Narayan, 2000).
Some approaches to vulnerability focus on specific communities affected by a
particular hazard. For example, Pitilakis et al. (2006) propose that several
dimensions of ‘risk’ should be incorporated in determining the community
vulnerability level in relation to specific areas (e.g. Barnett et al., 2008;
Messner & Meyer, 2006; Schroter, Polsky & Patt, 2005) and a particular
hazard type (e.g. Sharma & Patwardhan, 2008; Preston et al., 2008; Brenkert
& Malone, 2005). In line with these approaches vulnerability research should
be conducted within a specific community and hazard context. This context-
specific value enhances validity of the modelling approach as the value
assures that the model adequately represents a community as a case.
Since community is a central concern in much vulnerability literature,
consideration of various community characteristics is important. Bankoff et al.
(2004) suggest that communities are dynamic and systemic entities. Dynamic
means that characteristics may change when there is a change in specific
factors over time, while systemic means all the subsystems within a
community (factors) are interlinked and interact in influencing the final
vulnerability level. Research by Cutter and Finch (2008) predicts future
vulnerability levels based on the dynamic aspects of community vulnerability,
as the level is changing over time while other researchers have focused on the
effect of dynamic vulnerability factors on the current vulnerability level (e.g.
Armas, 2008; Marfai & King, 2008; Odeh, 2002).
In addition, the systemic aspect of community has also been proposed by
Gillespie et al. (1993) particularly in proposing a network of organisations for
community disaster preparedness. Since a model is a representation of
community, accommodating both community characteristics and the values of
dynamic and systemic factors in vulnerability research enhances its quality.
Considering the points outlined above, any assessment of vulnerability for the
purposes of scenario modelling should begin with clarification of terms and
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definitions. Since there is no universally accepted definition of vulnerability,
within this paper it will be defined as: ‘The dynamic and systemic performance
of community capacity to cope with specific hazards over time and across
space’. This definition is drawn from the dimensions listed in Table 2.3.
Table 2.3 Four dimensions of vulnerability. The dimensions will direct the
meaning of vulnerability and its assessment process in my
thesis.
No Dimensions Of Vulnerability Literature
1 It will focus on specific
communities that are exposed to
certain hazards.
Preston et al. (2008); Sharma &
Patwardhan (2008); Messner & Meyer
(2006); Brenkert & Malone (2005);
Schroter et al. (2005); Cutter et al. (2003).
2 It will cover three levels of society -
individuals, groups of people and
social networks - associated with a
specific community.
Carina & Keskitalo (2009); Villagran de
Leon (2006); Adger et al. (2004); Dwyer et
al. (2004); Adger and Kelly (1999) urge for
a broader context of subject while Putnam
(2000) and Woolcock and Narayan (2000)
stress the power of the social network in
community.
3 Vulnerability also reflects the
community’s capacity to reduce the
impacts of certain hazards. This
capacity can reduce the current
vulnerability level to lower future
levels.
Armas (2008); Pitilakis et al. (2006);
Villagran de Leon (2006); Dwyer et al.
(2004); Downing et al. (2001); Adger &
Kelly (1999); Dow (1992).
4 The state of a community’s
vulnerability level is changing as a
consequence of dynamic and
systemic interaction between
factors as a consequence of
community characteristics.
Cutter & Finch (2008); Armas (2008);
Marfai & King (2008); Bankoff et al. (2004);
Odeh (2002); Gillespie et al. (1993).
2.5 Literature gaps in vulnerability assessment and
proposed responses
In this section, the literature gaps in vulnerability assessment and modelling
are identified with a view to informing future research. Some responses to the
gaps are proposed in order to formulate the rationale of my research’s
principles. The results of both processes (the gaps and the gaps’ responses)
are summarised in Table 2.4.
Whilst various authors have assessed the level of vulnerability based on
certain factors, the basis they used for choosing these factors is often not
clearly described (gap no. 1). Also, the factor selection is often not linked to
the characteristics of community vulnerability or its dimensions. This is
23
supported by Adger et al. (2004), Downing and Patwardhan (2004) and
Alwang et al. (2001) who argue the need for clearer elaboration of the factor
selection process. Even though some research has considered vulnerability
factors from a range of disciplinary perspectives, the selected factors have a
weak correlation with the core characteristics of the vulnerability definition as
outlined in Table 2.3 (e.g. Armas, 2008; Odeh, 2002).
The first gap above can be addressed by considering the dimensions of
vulnerability and how aspects of the community context should inform the
factor selection process. Selection can be carried out by making a list of
factors from previous research (e.g. climate change and flood hazard).
Afterwards, the factors can be grouped based on community layers and a
multidisciplinary approach then used to assess their relevance to a specific
case study location. The result can be a short listing of preliminary
vulnerability factors (e.g. disadvantaged people, emergency facilities and
utilities, external support, institution adaptation and investment for flood
hazard). Finally, the preliminary factors should be verified by some key
stakeholders using the Delphi decision-making process or focus group
discussion to select the final factors for the vulnerability assessment.
The second gap is a lack of discussion of causal factors and relevant
adaptations that may influence the level of vulnerability at a future time. The
vulnerability level will be affected not only by the causal factors but also by
certain actions from stakeholders or adaptations. The gap emerges from
vulnerability research results assessment particularly for determining
vulnerability levels based on certain factors (e.g. Armas, 2008; Rygel et al.
2006; Odeh, 2002; Gabor & Griffith, 1980). The results of these assessments
are often used inappropriately in deciding stakeholders’ actions to reduce
community vulnerability (Barnett et al., 2008). Therefore, there is an urgent
need to integrate discussion of causal factors with the selection of
stakeholders’ actions in vulnerability assessment and modelling process.
In addition, future vulnerability has also received little attention as the majority
of research focuses on the current vulnerability level (such as in Armas, 2008;
Odeh, 2002; Clark et al., 1998); this is gap number 3. Even though a state of
community vulnerability usually refers to a current situation as an implication
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of its lexical meaning (Ionescu et al., 2009), the value of prediction is still
significant particularly in preparing a community to respond to future hazards.
The limitations of these studies also highlight the need to predict future
vulnerability. Moreover, some limited recent attempts in assessing future
vulnerability are: future vulnerability as a result of hazard prediction (Marfai &
King, 2008); linear regression process (Cutter & Finch, 2008); and descriptive
analysis (Nicholls et al., 2008). To discuss the effects of factors and
adaptation on the level of vulnerability, there should be consideration of some
of the critical factors relevant to predicting vulnerability levels. By changing the
value of critical factors, it will be possible to generate an evaluation of the
potential stakeholders’ actions or adaptation. Since the changing of factors is
considered a future action based on adaptation scenarios, the results of the
changes in vulnerability levels can be treated as predicting the levels of future
vulnerability. Therefore, the discussion on the effects of changes in factors
and adaptation may respond to the second and third gaps in the vulnerability
literature. Changing the value of a factor (sensitivity analysis in modelling
theory) may also produce a gap between current and future vulnerability. The
difference between a current and future level of vulnerability that results from
adaptations can be termed as resilience. Therefore, a discussion of the three
main terminologies in DRM (vulnerability, adaptation and resilience) could
assist in understanding the relationship between them (Figure 2.3) as a
response to Luers et al. (2003) challenge.
Figure 2.3 Integration of the vulnerability concept with the concepts of
adaptation and resilience. An assessment of current condition
will result in the current vulnerability level. The level may change
in the future time. The adaptation which is one of the concepts
can change the future vulnerability level. The comparison
between current and future will determine resilience as the result
of the effectiveness of adaptation.
CrooEkT
srikEoABIiITY
AaAmTATIlk
AppEppMEkT
srikEoABIiITY
AcTEo AaAmTATIlk
oEpIiIEkCE =
EdAm BETtEEk srikEoABIiITY AcTEo AaAmTATIlk Aka CrooEkT
srikEoABIiITY)
aIpApTEo oIph MAkAdEMEkT
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The fourth gap relates to an oversimplification of the interaction of vulnerability
factors in assessing the level of vulnerability. Previous research studies have
considered the levels of vulnerability as a result of vulnerability factors which
are designated as independent variables (e.g. Armas, 2008; Rygel et al.,
2006; Odeh, 2002; Gabor & Griffith, 1980). Based on those studies, the levels
were achieved by overlaying or adding (with or without weighting process and
manual or computerised) the value of vulnerability factors. The previous
research also understood the relationship between vulnerability factors and
levels or indicators as a one-way influence and characterised the relationship
as non-recursive and non-reciprocal interaction between variables. It can be
reflected as a process of adding or overlaying various vulnerability factors as
independent variables (vulnerability factors) which influence dependent
variables (vulnerability level or indicators) as in Figure 2.4.
Figure 2.4 Variables interaction within previous vulnerability research.
Previous research values one-way interaction from vulnerability
factors to vulnerability level.
Note: = an analogy process
In practice, the interaction of variables may occur in a strongly dynamic-
systemic manner affected by a number of community characteristics. The
dynamic-systemic interaction should also be reflected in the interactions of
factors and levels as variables within the vulnerability research. Therefore, the
interaction cannot be as in Figure 2.4, but it should reflect dynamic and
systemic situations as illustrated in Figure 2.5 (e.g. fatalities indicator). In
responding to these community characteristics, a dynamic system analysis
can be utilised to model or simplify the community dynamic and represent
systemic relationships between variables that are vulnerability factors and
levels (Sterman, 2001). Moreover, in predicting levels of vulnerability, the
analysis can also run certain models (based on some scenarios of adaptation)
to produce various levels of future vulnerability.
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The fifth gap in vulnerability research is a weak correlation between
vulnerability and other concepts within and beyond disaster risk management
(DRM). To some degree, the relationship between policy and vulnerability
analysis has received little focus as the majority of the existing research has
stressed mapping and the level assessment results (e.g. Armas, 2008;
Preston et al., 2008; Rygel et al., 2006; Brenkert & Malone, 2005; Odeh, 2002;
Gabor & Griffith, 1980). Furthermore, Adger et al. (2004) state that the
importance of adaptive capacity as a function of adaptation will influence
future levels of vulnerability. However, since there are then some predicted
levels for future vulnerability as pointed out in responding to the second and
third gaps, comparison between them responds to the need for adaptation
analysis in vulnerability research. The adaptation itself is a part of public
policies and planning systems. The quantitative approach in dynamic analysis
could give a ranking system based on these comparisons. The rank will sort
the future levels from the highest to the lowest.  Therefore, the most effective
adaptation can be distinguished from the lowest future vulnerability level after
applying certain scenarios through the modelling process. The information on
the most effective adaptation can finally enhance the quality of public policies
and planning systems.
Figure 2.5 Variables interaction for future vulnerability research. The
interaction between vulnerability factors and level can be
interdependent and systemic as shown.
Note: = an analogy process
The last gap is a need to set vulnerability indicators which reflect the result of
adaptation. To achieve the research objective of adaptation effectiveness, a
quantitative approach is important since it would provide a way of measuring
differences between scenarios of adaptation. Accommodating a quantification
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process, vulnerability has to be specified into several measurable indicators
such as in Armas (2008) and Brenkert and Malone (2005). The indicators are
a set of subcomponents which reflect vulnerability performance within a
community. The indicators are also different from the factors which represent
the causes of vulnerability for a community. Since the issue of adaptation
effectiveness has been raised by Adger et al. (2004), the selection of
vulnerability indicators should allow the most effective adaptation measures to
be identified.
Number of victims, damage/losses and the period of time for recovery can be
utilised to respond to the last gap around the need for measurable vulnerability
indicators. The number of victims and damage/loss indicators can be seen as
various applications of impact assessment post hazard events. Those two
kinds of valuation can also represent the vulnerability level based on the
assumption of the hazards as a given variable (constant). Moreover, the
period of time is drawn from the concept of resilience, that is, the ability of a
community to “bounce back” (recovery) after an event (Paton et al., 2003;
Mileti & Peek, 2002 as cited in Ronan & Johnston, 2005). Those three kinds of
measurements can also be set as major steps in preparing a community
facing negative events as suggested by Ronan and Johnston (2005).
Preparation itself can be made by using adaptations to reduce the possibility
of fatalities, damage/losses and a long period of recovery.
In summary, some gaps and their responses for my vulnerability research
principles are set out in Table 2.4.
Table 2.4 Literature gaps and basic principles for future research. The gaps
direct my research principles, key points in structuring my
assessment process on vulnerability, adaptation and resilience.
No Previous Research Results Literature Gaps Basic Principles For MyResearch
1 Vulnerability factors have been
discussed widely (e.g. Armas,
2008; Odeh, 2002).
A need for clarity about the
process for vulnerability factor
selection explaining its
dimensions (e.g. Adger et al.,
2004; Downing &
Patwardhan, 2004; Alwang et
al., 2001).
Factor selection should
reflect the three layers of
society, specific context
and multidisciplinary
approach.
2 Vulnerability research often
finishes with assessing
There is urgency in integrating
discussion on causal
The assessment process
can also be expanded
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No Previous Research Results Literature Gaps Basic Principles For MyResearch
vulnerability levels (e.g. Armas,
2008; Rygel et al., 2006; Odeh,
2002; Gabor & Griffith, 1980).
vulnerability factors and
stakeholders’ actions in the
vulnerability assessment
process.
from assessing the levels
to evaluating critical
factors and stakeholders’
actions.
3 Research focus on current
vulnerability level (e.g. Armas,
2008; Odeh, 2002; Clark et al.,
1998). Conversely, little research
attempts to predict future
vulnerability levels (such as in
Marfai & King, 2008; Cutter &
Finch, 2008; Nicholls et al., 2008).
A need to expand the analysis
to future vulnerability and
connect it with other concepts
within DRM. A need to
accommodate core
characteristics of community
when expanding vulnerability
research.
Discussing the difference
between current and
future vulnerability levels
links vulnerability with
concepts of resilience and
adaptation. Moreover,
linking those concepts
should accommodate the
dynamic and systemic
characteristics of
community.
4 Factor interaction occurs in
overlaying/addition process to
find final level (e.g. Armas, 2008;
Rygel et al., 2006; Odeh, 2002;
Gabor & Griffith, 1980).
The factors are
interdependent and interact to
reflect dynamic and systemic
characteristics.
The use of system
dynamic analysis can
represent dynamic and
systemic community
characteristics.
5 Research focus on assessing
vulnerability levels (e.g. Armas,
2008; Preston et al., 2008; Rygel
et al., 2006; Brenkert & Malone,
2005; Odeh, 2002; Gabor &
Griffith, 1980.
The research can be
expanded to evaluation of
adaptation (Adger et al.,
2004).
Linking the concepts of
vulnerability, resilience,
and adaptation can help to
direct adaptation
evaluation.
6 Little research uses vulnerability
indicators to specify the broad
concept of vulnerability (e.g.
Armas, 2008; Brenkert & Malone,
2005).
The specification of
vulnerability indicators should
be designed to highlight the
results of adaptation
measures.
Effective adaptation can
be revealed by the
number of victims,
damage/losses and
recovery process.
2.6 Conclusion
The system dynamic modelling in vulnerability assessment is required for
future research particularly for selecting the most effective adaptations in
reducing future vulnerability levels. The use of the modelling also reflects the
dynamic and systemic interaction within the community. Furthermore, the
modelling method can assess the linkage between vulnerability, adaptation
and resilience. The result is a modelling response to the six literature gaps
and improvement in the vulnerability assessment method.
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CHAPTER 3
RESEARCH APPROACHES AND METHODS
3.1 Research framework
This section presents the research framework that underpinned my approach
to vulnerability modelling including research strategies and design. The
research framework provides my rationale and informs my approach to
vulnerability modelling. Moreover, the framework establishes the boundaries
of my research within the extensive literature on vulnerability.
Based on my research formulation (Section 1.2), the research aim was to
explore a specific community setting in terms of its vulnerability to flooding by
assessing alternative adaptive measures in order to find the best option for
reducing future vulnerability levels. This formulation is stated within my central
research question as “How effective are adaptations for reducing future
vulnerability levels in a certain place-based community where the most
common disaster is flooding?” The focus on the ‘how’ type of research
question directed my research to focus on vulnerability assessment and
modelling to focus on the context of a specific case study thus providing in-
depth engagement with the issue (Yin, 2009).
Since the community setting used for the case study is assumed to represent
a wider range of community settings, the results of the research should have
wider relevance. Thus, the results of vulnerability modelling will be used to
formulate a general framework for disaster risk management for testing in a
wider research context. Therefore, my research will apply an inductive rather
than deductive strategy based on the research strategies classification in
Bryman (2004).
The ‘how’ type research question also suggests it is exploratory research
rather than descriptive or explanatory research. The exploratory characteristic
is also supported by its intention to discuss adaptation behaviour changes and
their effects. For exploratory research design types, Yin (2009), Bryman
(2004) and De Vaus (2001) suggest two types of research design:
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experimental design and case study design. The difference between them
reflects the degree of intervention by the research on the case or event. Since
there was not a real intervention on the research subjects or setting in my
case study, the design is most consistent with a case study research design.
The intervention within my case study was conducted by changing some
performances of individuals, groups of people, events or other elements by
simulation, based on selected adaptation scenarios. Therefore, my research
design is best described as a case study.
In this case study research, my proposition is that adaptation behaviours will
influence communities’ performance on vulnerability and resilience. This
proposition is vital to justify my research’s direction (Yin, 2009). In Section 1.2,
I formulated the view that the relationship between the key concepts of
vulnerability, adaptation and resilience would be a central point of discussion.
Therefore, the effect of adaptations on vulnerability and resilience are the
central focus of the research.
For the purpose of developing a predictive model, I focused my case study
research on a geographic community at risk from flooding. Hakim (1987)
suggests that a case study research design is appropriate for research which
focuses on certain social entities such as a community, social group or
organisation. In this case study, the focus on a specific geographic community
led me to define the unit of analysis of the research based both on geographic
and administrative boundaries. Since my model consisted of seven sub
models with varieties of characteristics the boundaries were varied depending
on the sub models.
Taking the above into consideration, I chose a single case study to compare
current and future vulnerability levels of a community. A single case study is
understood through a simulation process as it explores the effects of the
adaptations concept on the concepts of vulnerability and resilience for that
specific case. The effects also value the relationships among those concepts
and this is a major proposition of the research. This was the basis for selecting
a single case study.
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3.2 Selecting an appropriate case study for
vulnerability modelling
Within the single case study design, I chose to focus on a particular
community level: the village level. As this level has more homogenous
characteristics than any of the higher administrative levels it is more suitable
for the modelling process. Moreover, even though the village level is the
lowest level of administrative arrangement, it has particular authority and
responsibility for managing public issues. Therefore, I focused on the village
level for my case study.
Even though my research was conducted at the village level, it also integrated
other higher levels of government at municipal and provincial levels. The
involvement of the municipality is significant as 15 major government powers
have been delegated to the municipality government since the implementation
of the Regional Autonomy Act No. 32 in 2004. Hence, the municipality level
has the authority to manage its subordinate levels such as regencies and
villages. Furthermore, the involvement of the provincial level is also important
as it liaises between national and local levels and therefore can represent a
wider context for the research study.
In terms of hazard type, I selected the flood event for vulnerability
assessment. The flood hazard type is characterised as a routine and cyclical
event which makes it more predictable. Thus, the vulnerability modelling and
assessment of flood hazards is suitable for predicting the impact of flood
events on a community. As the case study was in Indonesia it was particularly
relevant as floods are a common and annual hazard type causing damage to
property and people. Moreover, larger scale floods also frequently occur in
Indonesia such as those in Jakarta in 2002 and 2007 and in Lamongan in
2008 which had greater impacts compared to the annual floods. The threat
posed by flooding in Indonesia can be seen in Figure 3.1 which presents a
map of flood-threatened areas in Indonesia with red indicating a high level of
threat from flood events (Figure 3.1).
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Figure 3.1 Map of flood risk index in Indonesia. Lamongan is one of the
municipalities with high flood risk in Indonesia.
Source: National Board for Disaster Management (BNPB) (2010)
Notes: Low flood risk areas
Medium flood risk areas
High flood risk areas
To determine the case study location, some selection criteria were established
as listed in Table 3.1. Based on these criteria, I selected Laren Regency, and
particularly Centini village, for my case study. Centini village has experienced
impacts from flood hazards and it is acknowledged by stakeholders in
Lamongan Municipality that it is the most affected area from floods. The
characteristics of the village will be discussed in Chapter 4. The third column
in Table 3.1 provides an assessment of the characteristics of Centini village
against my selection criteria for a suitable case study.
Table 3.3 Criteria of case study location.
No. Description of Criteria Reason for CriteriaSelection
Case Study Characteristics:
Centini Village, Laren Regency
1 The area should be
impacted by flood at
least once in a 5 year
cycle.
The frequent and cyclical
flood events highlight the
importance of a planning
instrument in disaster
management.
Floods affect the Centini Village
annually. In 1967, 2007 and
2008, major flood events also
impacted the village.
2 The flood event should
have a significant
impact at the
municipality level,
Major authorities are at the
municipality level as a
consequence of regional
autonomy from 2000.
The 2008 Lamongan flood cost
around USD 27.5 million in
damages (Lamongan
Municipality, 2008) and
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No. Description of Criteria Reason for CriteriaSelection
Case Study Characteristics:
Centini Village, Laren Regency
determined from its
coverage or the severity
of losses.
evacuated all 3,374 villagers in
Centini. It means that all the
villagers are impacted and
evacuated in the 2008
Lamongan Flood. Section 4.4
explain the severity of flood to
the village and the municipality.
3 There is a management
system to be put in
place (e.g. specific
government bodies
related to disaster
issues).
The existing management
system may indicate the
awareness of government
to respond to disasters.
Lamongan Municipality enacted
the legislation on Municipal
Board for Disaster Management
in January 2010. However, the
Municipal Disaster Unit is still
considered the primary
government unit in managing
disasters including floods. In
addition, East Java Province
has established a government
board on disaster management
called BPBD (Provincial
Disaster Management Board).
4 The flood should
become a common
issue for communities.
The awareness of
community may enhance
the quality of the modelling
process as the model will
assess the effectiveness of
community actions in
reducing the levels of
vulnerability.
Community has understood
special characteristics of floods
in Laren Regency. It’s reflected
community responses to the
past floods (e.g. providing
‘antru’ (temporary storey in their
houses) and boats near their
houses.
5 There should be some
NGOs acting for
community development
or disaster risk
management.
The existence of NGOs
can balance government
actions in disaster
management since the
model will assess the
effectiveness of NGO
actions in reducing the
levels of vulnerability. The
issue of lack of public
service deliveries in
developing countries (like
Indonesia) increase the
need of this criterion.
Some local NGOs (e.g. ELSAP,
JAMAL and TAGANA)
participate in disaster risk
reduction. Some of the NGOs
also conduct informal training
for other local NGOs in flood
risk management.
6 There is a study/
document on the risk
mapping areas.
It may reflect the coverage
of the vulnerable areas to
flood events.
Studies on particular flood
events in Lamongan have been
conducted particularly on:
comprehensive development
and management plan (CDMP)
study for Bengawan Solo River
Basin under Lower Solo River
Management Improvement
Project (Directorate General of
Water Resources, 2001), Study
of land use management in the
buffer zone of Bengawan Solo
Downstream (Agency of
Settlement, 2008).
7 There is a legal
document of planning at
the municipality level
that states that a flood is
one of the major
disaster events in the
The plan may indicate the
level of government
concern about the
importance of the flood
issue and about the need
to manage disaster issues.
The revision of Lamongan
Regional Plan identifies Laren
Regency as one of the
vulnerable areas to floods.
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No. Description of Criteria Reason for CriteriaSelection
Case Study Characteristics:
Centini Village, Laren Regency
area.
8 The municipality should
be in the middle level of
development process
for the vulnerability
modelling to be more
workable and
applicable.
The more complex the set
of stakeholders involved,
the more difficult it is to
model vulnerability.
Conversely, the
municipality with the most
simple stakeholder
arrangement may not
reflect the average
situation across Indonesia.
In Indonesia, Lamongan
Municipality is in the middle
level of development. Based on
its human development index,
Lamongan has indexes of 65.99
and 66.72 for 2006 and 2007
respectively (Sucipto, 2009,
January 16). Moreover,
Lamongan is also an average
municipality in terms of its
economic development growth
which are 4.6, 5.93, 5.59 for
2004, 2005 and 2006
respectively. Within those years,
East Java Province’s economic
growth is around 5.8 (East
Java's Statistical Bureau, 2009).
9 There is interaction
between stakeholders in
disaster risk
management.
Stakeholders' interaction in
present disaster
management may enhance
the quality of modelling
process.
Interaction between
stakeholders can be reflected in
their responses in finalising
vulnerability factors both from
NGOs and GOs in which they
value the importance of
stakeholders’ involvement from
a variety of backgrounds. Some
of the factors are community
involvement in DRM, social
interaction in community, NGO
involvement, level of community
collectiveness and government
readiness.
10 The flood event can be
in one single
municipality or cover
more than one
municipality.
Many flood events occur
across several
municipalities as a
consequence of a wide
downstream coverage.
Since the Bengawan Solo River
is across 2 provincial
boundaries and 18
municipalities, the flood events
have impacted most of the
municipalities particularly the
events of 2008.
11 There is an indication
that the climate change
issue contributed to the
development of the last
flood event.
Connecting the issue of
floods with climate change
may enhance the benefit of
my research as it has been
a major concern globally in
disaster management.
Hidayat et al. (2008) indicate
that Bengawan Solo River has
experienced the effect of
climate change.
3.3. Four stages of the research
This section describes the process of my study which has four main stages as
follows: identification of vulnerability factors, factors analysis, vulnerability
appraisal and vulnerability sensitivity. The research process is summarised in
Figure 3.2.
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For the first stage, I mainly defined vulnerability indicators, and the preliminary
vulnerability factors relevant to my case study. Since the factors (independent
variables) affect the indicators (dependent variables), I select some variables
reflecting vulnerability factors and other variables reflecting the vulnerability
indicators in the model. The rational basis for defining indicators is provided in
Section 2.5. For my case study, the floods will be described in terms of their
frequency, past and future flood events, flood impacts and stakeholders’
responses. Specifically for future events, the floods’ characteristics will be
predicted based on the rainfall data results from global climate models
(GCMs). For defining preliminary vulnerability factors, I conducted a literature
review from existing scholarly literature as well as government and non-
government organisation reports. I used a secondary analysis method to
determine preliminary vulnerability factors from the literature. The analysis
involved tabulation, checklist, ranking and tallying (Grinnell, 1993). The
processes are provided in Appendix VI-VIII. The strengths of this approach
include a wide coverage of relevant literature and a simple assessment
process. The main issue with this kind assessment is establishing the validity
of criteria drawn from a wide range of literature sources. This will be examined
as part of the validation stage.
Validation on the selected vulnerability factors to the set of indicators and
scenarios of adaptation became my main output in my second stage. The
preliminary vulnerability factors were the basis of drafting the Delphi
Questionnaires. Two rounds of Delphi Questionnaires (discussed in Section
3.5.1) were circulated to key stakeholders (discussed in Section 3.4.1). As a
result, a set of vulnerability factors within each of the vulnerability indicators as
set within this stage. These results provided some of the major input for model
building.
Model building, as the next stage, resulted in the model structures and
formulations for the current adaptations and proactive adaptations both under
the current condition and under a climate change scenario. Within my
research, the system dynamic analysis built the relationships between the final
vulnerability factors, indicators and scenarios of adaptations. The scenarios
themselves were defined in this stage as being any stakeholders’ actions in
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responding to the final vulnerability factors. For the model inputs, I utilised
grounded theory to analyse semi-structured interview results from key
informants and secondary analysis to both government and non-government
publications. Both of them provided the main data for the model building.
Finally, in the vulnerability assessment stage, I discussed the effects of any
changes to the vulnerability model. The assessments affect the likelihood of
vulnerability levels changing when there are some changes in the variables
within the model. The changes can be the result of different adaptations
applied to the model or from the changes to vulnerability factors such as
rainfall data under climate change scenarios. Therefore, interactions among
variables, which are factors, adaptations and indicators, can be simulated to
reduce future vulnerability in my case study. In addition, the comparison of the
results from simulations may suggest some ideas to the stakeholders on how
to improve community resilience. Consequently, the assessments will provide
the most effective adaptations for reducing future vulnerability levels.
3.4 Sampling process
3.4.1 Defining experts by stakeholder analysis
Since experts form one of the major components in the Delphi Technique,
their selection had to be conducted carefully using stakeholder analysis
(Figure 3.3). Experts can be defined simply as persons who contribute to
certain issues (Bowker, Lakhanpaul, Atkinson, Armon, Macfaul, &
Stephenson, 2008). Since my case study is context-specific and DRM is one
of the emerging issues in Indonesia after the Aceh Tsunami in 2004, a close
relationship between experts and the case study region and community would
increase validity. Therefore, I defined experts as persons who had been
involved in and were informed about the floods in the case study area. They
were then defined as stakeholders. Since the study of vulnerability requires a
multidisciplinary approach, a wide coverage of experts or representative
stakeholders was also important. Therefore, a wide range of groups in the
community had to be represented through the selection of the stakeholders. A
stakeholders analysis ensured this via understanding every stakeholders in
terms of their importance and influence.
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Figure 3.3 Process of stakeholder analysis. The analysis assessed potential
stakeholders based on their importance and influence on the
flood case in Centini Village. Adapted from McCracken &
Narrayan, 1998.
To select potential stakeholders for my case study, I conducted informal
interviews and secondary analysis. The interviews provided some potential
stakeholders who had been involved in past disaster events. Then I conducted
a secondary analysis by reviewing publications by both government and non-
government organisations and local news broadcasters. Those sources of
information helped me to identify the key persons who were involved in flood
risk management. Both the informal interviews and the secondary analysis
revealed 31 potential stakeholders for my case study.
Table 3.2 Stakeholders groups and their involvement in the Delphi survey.
No. Stakeholder Types
Group
1st Iteration 2nd Iteration Notes
1 2 3 4
1
Municipality safety
agencies and the
protection of the public
(Bakesbanglinmas)
   -
2 Irrigation Agency(Dinas Pengairan)    -
3
Bengawan Solo River
Management (Balai
Besar Bengawan Solo)
 X X
Informal discussions
only regarding river
management.
4 Unit for RapidResponse    -
5
Municipality
Development Planning
Board
   -
6 Social, Worker andTransmigration Agency    -
7 Health Agency    -
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No. Stakeholder Types
Group
1st Iteration 2nd Iteration Notes
1 2 3 4
8 Municipal Level Police(polsek)    -
9 Laren RegencyChairperson    -
10 Centini Head Village    -
11 Provincial DisasterManagement Board   
Stakeholders did not
have specific time to
meet in second round
and asked the
researcher to repeat the
same answers as in the
first questionnaire.
12
ELSAP (Government
Analysis Research
Centre)
   -
13
TAGANA (Community
Based Youth Group of
Disaster Response)
   -
14 JAMAL (Lamongan’sPeople Network)    -
15 Centini Informal Leader    -
16 Director of KidungRakyat Local Radio    -
17 Care NGO  X X
Stakeholder is outside
the province and did not
return the
questionnaires.
18 Indonesian Red Cross,Lamongan Branch.    -
TOTAL 3 4 9 2 16 16
Note: Group 1: locals - non governmental bodies of Laren Regency.
Group 2: outsiders - non governmental bodies of Laren Regency
level.
Group 3: outsiders - governmental bodies of Laren Regency
level.
Group 4: locals - governmental bodies of Laren Regency level.
1st iteration = clarifying my preliminary vulnerability factors
and initial grouping of factors within the three vulnerability
indicators.
2nd iteration = finalising vulnerability factors and grouping.
I then selected stakeholders by analysing their potential roles in flood risk
management in Lamongan Municipality based on their degree of importance
and influence. The analysis revealed 18 out of 31 potential stakeholders as
key stakeholders (presented in Table 3.2; a more extensive stakeholder
analysis process is provided in Appendix I). Selected stakeholders were then
grouped based on two dimensions of classification. First, stakeholders as
either local or regional representatives could be understood as having a
greater or lesser degree of understanding of the particular characteristics of
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the case study. Second, they were grouped by the type of organisation which
could be used as a means of distinguishing different perspectives on how
public affairs are managed.
3.4.2 Defining key informants for community vulnerability model
To reflect the diverse range of community aspects in the community
vulnerability model, I chose semi-structured telephone interviews as one of my
data collection methods. Semi-structured interviews also allowed me to gain
new feedback from the informants in developing the model structures. In
addition, the semi-structured interviews may also have improved the research
by testing the theories that resulted from the previous interview processes.
The theories within my study are expressed as model structures and
formulations between two or more variables.
I used a purposeful sampling method to determine key informants for the
semi-structured interviews. This sampling method is a part of non probabilistic
sampling methods in qualitative data analysis (Brown, 2010). In purposeful
sampling methods, the network and the sample’s diversities are considered
the key aspects in determining samples. The sample is indicated as a
representative of larger group of population (Brown, 2010).
A need to accommodate the diversities of information required me to develop
networks within the sample population. In the previous research stage, the
Delphi Questionnaire established relevant networks. Therefore, I selected the
key informants from these networks by considering the stakeholder analysis
process and the results of the two rounds of Delphi Questionnaires to ensure
the inclusion of key informants who were able to cover a diverse range of
issues. For a specific issue, only specific stakeholders were used to discuss
the issues. Those specific stakeholders were defined as key informants in the
semi-structured interview stage.
While informants from across a variety of disciplines can enrich the modelling
process, it is necessary to limit the use of informants to those who have a
close relationship to the vulnerability factors and the scenarios of adaptations.
Consequently, the termination of a sampling process should be done when the
additional informants will have no more new ideas after the last interviewing
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process (Strauss & Corbin, 1998).  For this purpose, based on the stakeholder
analysis and the interviewing process, Table 3.3 provides the selected
informants.
Table 3.3 Key informants and their roles. Varieties of backgrounds of key
informants give various perspectives on the community
vulnerability to flooding.
No Key Informants Name Roles
1 Municipality safety
agencies and the
protection of the
public
(Bakesbanglinmas)
Bakesbanglinmas A responsible agency for
managing DRM in Lamongan
Municipality.
2 Irrigation Agency
(Dinas Pengairan)
Irrigation Agency A responsible agency for
managing drainage systems in
Lamongan Municipality,
particularly those connected to the
Bengawan Solo River.
3 Bengawan Solo River
Management (Balai
Besar Bengawan
Solo)
Solo River Board A responsible board for managing
the whole of Bengawan Solo River
across two provinces.
4 Municipality
Development
Planning Board
Planning Board A responsible agency for
managing land use planning in
Lamongan Municipality.
5 Social, Worker and
Transmigration
Agency
Social Agency A responsible agency for
distributing government aid in the
case of disaster events.
6 Health Agency Health Agency A responsible agency for public
health condition affairs at the time
of disaster occurring and normal
situations.
7 ELSAP (Centre for
analysing government
policies)
ELSAP An NGO which actively
participates in community
development in Lamongan
Municipality.
8 TAGANA (Community
Based Youth Group of
Disaster Response)
TAGANA An NGO which specifically
focuses on disaster responses.
9 Hippa Hippa Village owned company for
managing irrigation waters.
10 Mayeng Sari 1 Farmer group A farmers’ community organisation
in the village.
11 Head of Centini
village
Village Head The local authorities.
12 Local informal leader Informal Leader Balancing the power of local
authorities.
To build trust between researcher and participants, I lived in the case study
area for around two weeks. Those weeks were spent communicating with the
villagers and other stakeholders from outside of the village. The survey was
also assisted by two surveyors who spent several months living in the case
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study area. This mechanism is important particularly to establish initial
communications with villagers, government organisations and non government
organisations. These networks are identified to verify stakeholders for delphi
questionnaires and key informants for semi-structured interviews.
Since the research is about vulnerability to disaster, there will be a risk of
respondents reacting to the research in a negative way, particularly if the
subject matter prompts upsetting memories. The RMIT Ethics Committee
granted my ethics proposal based on the research abiding by the following
guidelines: To minimise risks, I recruited respondents on a voluntary basis and
all interviews were anonymous. The respondents have the right to raise any
questions, objections or even quit in the middle of process. These rights are
listed in the Project Information Statement Sheet provided to all participants at
the start of each interview.
3.5 Data collection process
Based on the stages of my research and sampling method, the data collection
process included a Delphi Questionnaire, Semi-structured Telephone
Interviews and a Secondary Survey. All three instruments of data collection
accommodated both qualitative and quantitative data. Moreover, those three
instruments also valued the explanation of relevant key persons whose input
was a significant factor in defining the qualitative data. These explanations
were critical because of the lack of systematic documentation of past floods in
Lamongan Municipality.
3.5.1 The use of Delphi Policy in selecting relevant vulnerability
factors
To emphasise community involvement in vulnerability research, I used a
Delphi Policy as one of my tools of analysis. Within the Delphi Policy, the idea
of involving stakeholders in policy-making is valued as being more
accountable than policy-making by a single decision-maker (Kaynak &
Macauley, 1984 in Briedenhann & Butts, 2006; Mitchell, 1991; Linstone &
Turoff, 1975). The Delphi Policy involves selecting stakeholders or decision-
makers to represent the wider community and seeks consensus among them
on key aspects of the research. Therefore, the Delphi Policy is in line with my
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research which aimed to generate ideas and consensus from stakeholders
about vulnerability factors.
In the Delphi Policy, I value the importance of avoiding face-to-face
interactions among stakeholders as one of the main characteristics in
achieving objective consensus. Consensus was confirmed by discussing one
stakeholder’s opinions with others and/or clarifying their first round results with
those of the next round. In addition, avoiding stakeholders meeting face-to-
face minimised the bias from superior-subordinate relationships, prevented the
need for stakeholders to travel from distant locations and reduced the effect of
differing communication skills among key stakeholders. These advantages
have also been identified by Ley and Anderson, 1975; Mitchell, 1991; Bunting,
2008; and Linstone and Turoff, 1975. These advantages are important
particularly for my case study which has the potential bias based on their
relationships, locations and communication skills among stakeholders. Focus
group discussion on this case study which need a face to face meeting will be
predicted to increase the bias among stakeholders.
Furthermore, an iterative questionnaire in Delphi can increase the validity of
stakeholders’ responses. The iterative questionnaire (as in Franklin & Hart,
2007; Briedenhann & Butts, 2006; Linstone & Turoff, 1975; Ley & Anderson,
1975) gives two-fold benefits: 1) minimises misunderstanding between
researchers and stakeholders and 2) enhances stakeholders’ understanding
of vulnerability and DRM. Since the current responses to DRM in my case
study related mainly to the immediate response to emergency situations, there
was a pressing need to expand the understanding of stakeholders to include
the mitigation, preparedness, response and recovery stages (Shah Alam
Khan, 2008; FEMA, 2006; and Atmanand, 2003).
Next, the interdisciplinary context of my study required tools that could
combine qualitative and quantitative approaches.  Manoliadis, Tsolas and
Nakou (2006) suggest that Delphi is a judgment-based analysis. Therefore, it
is feasible to combine qualitative and quantitative vulnerability factors. This is
in line with the research aims of generating as many factors as possible with
relevance to vulnerability. Including both qualitative and quantitative factors
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produces a more comprehensive range of factors as the input for the
vulnerability model building.
Finally, the unstructured problem of DRM required the Delphi policy to be used
as one of the analytical tools as it includes a wide range of stakeholders
involved in different areas of decision-making. In my case study, an
unstructured problem occurred when there was a lack of comprehensive
management and limited data availability to construct the flood risk
management. Moreover, in the broader Indonesian context, the issue of DRM
had started to receive attention from national, regional and local level
stakeholders since the Aceh Tsunami in 2004. As a consequence, the Delphi
Technique was valuable to include as one of my analysis tools.
In terms of using Delphi policy methods for finalising vulnerability factors, most
research using this approach follows a similar ‘blueprint’ of steps:
1. Establishing the topic
2. Defining experts (stakeholders)
3. Designing the first questionnaire
4. Circulating the first questionnaire
5. Organising the first questionnaire’s results
6. Designing the next round of questionnaire
7. Re-circulating the next round questionnaire as well as giving
stakeholders feedback from previous results
8. Analysing and concluding all stakeholders’ responses.
3.5.2 Semi-structured telephone interviews
My research used semi-structured telephone interviews to expose the
dynamic-systemic process within the community. The interview has a
characteristic of two-way communication which is useful for exploring
particular issues. A detailed two-way discussion may reveal the actual
relationships between two or more variables within sub models. The
exploration on the particular issues will be partly provided by other types of
data collection such as questionnaires or observation. The questionnaires will
encourage respondents to answer in a direct manner and observations will
explore particular issues from the perspectives of the observer.
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A semi-structured interview method uses some structures to initiate and direct
the interviewing process. In my case, some of the structures were the result of
vulnerability factors, indicators and scenarios of adaptations. Those structures
were fundamental for conceptualising the modelling processes.
In addition, some key questions in the interviews would identify the
relationships between two or more variables. Since the models cover various
aspects of the community setting, the preliminary sub models may also assist
the interviewing process by providing predictive relationships among variables.
The preliminary sub models were constructed based on the Delphi and
secondary survey results. Therefore, to conduct the interviewing process, I
prepared preliminary sub model structures and developed some key questions
for discussing each sub model based on vulnerability factors, indicators and
scenarios of adaptations. Appendix II provides those sub models and key
questions for the interview process.
There was the potential for unexpected responses from the informants which
still needed to logically fit within the preliminary structures of each of the sub
models. Some of the unique characteristics within the community can be
proposed by key informants. By using a grounded theory approach, the
approach comprehensively guided the process of constructing key informants’
feedback, including the unexpected responses, for finalising the model
structures and formulations.  As a result, the model’s structure was enriched
with other unique responses from key informants.
3.5.3 Secondary survey
A secondary survey was also conducted to collect data related to government
and non government publications. These data were especially significant for
coverage of quantitative variables. Moreover, some of the data from both
government and non-government publications can justify characteristics of the
community.
To conduct a secondary survey, lists of data were prepared based on their
potential sources and time range. Lists of data for the secondary survey for
this research study are provided in Appendix III.
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3.6 Data analysis process
3.6.1 Analysis of Delphi Questionnaire
In the analysis of the Delphi Questionnaire, the main activity was comparing
the first and second round results. The comparison aimed to identify
convergences and agreement among stakeholders’ responses in both rounds.
In the case of disputable factors, stakeholders’ representativeness and
arguments became the main instruments to finalise vulnerability factors.
In the analysis stage of the Delphi Policy Technique, I used a qualitative
approach rather than quantitative. I avoided relying only on quantification-
based analyses such as a Likert scale or tallying. While these methods may
have increased the consistency of the analytical process, it may have also
weakened its sensitivity to the variety of stakeholders’ opinions and
backgrounds, as aggregate values derived from a Likert scale do not allow for
differing levels of competency among stakeholders. As Delphi is a qualitative-
based analysis, the competency of different stakeholders had to be valued
proportionally.
3.6.2 System dynamic analysis in vulnerability modelling
The need for emphasising values of changes over time on vulnerability levels
and systemic interactions between sub components of vulnerability in my case
study, meant that my modelling research required system dynamic analysis to
be used as my tool of analysis. System dynamic analysis, which was known
as industrial dynamic analysis in the early period of concept development,
forms part of a decision support system (DSS). This analysis tool is widely
used for understanding the complexity of the problem setting. For example,
Forrester (1969) applied it in an urban context featuring a housing problem
setting, Hirsch, Levine, and Miller (2007) used it to understand the impact of
social change initiatives on teaching processes and Gary, Kunc, Morecroft and
Rockart (2008) discussed the value of system dynamic analysis for strategic
planning in the context of business management.
System dynamic analysis respects the complexity of relationships between
research objects by accommodating them through an arrow pointed from one
subsystem as represented by a variable to others. The arrows reflect the
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relationships between variables. The positive marks signal the reinforcing
value of relationships while the negative marks are utilised for balancing the
relationships. The relationships resemble the reality of a multi-system within
the community. Figure 3.4 below shows a simplified version of relationships in
system dynamic analysis.
Figure 3.4 An example of relationships between factors in system dynamic
analysis. The analysis values interdependent relationships
between variables.
In order for a system dynamic analysis in vulnerability to be conducted, first a
modelling process should be completed. Sterman (2000) suggests that there
are five major steps of modelling, as follows:
1. Problem articulation
2. Formulation of dynamic hypothesis
3. Formulation of a simulation model
4. Testing
5. Policy design and evaluation.
Since the modelling is an iterative process, the five major steps can be
repeated based on the time available for the process of modelling. The
iteration process of modelling is also determined by conditions of the real
world, information feedback, mental models of the real world, strategy,
structure and decision rules and decision (organisational experimental). The
process of modelling in a system dynamic as proposed by Sterman (2000) is
shown in Figure 3.5.
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Figure 3.5 An iterative process of modelling in system dynamic analysis.
The iterative process enhances the robustness of the model as it
allows interactions with the real world along the model building.
Adapted from Sterman (2000).
Even though the system dynamic has particular strengths in analysis such as
in considering the dynamic and systemic value of research objects and
interactions of both qualitative and quantitative variables, the analysis still has
some weaknesses. Some of these are:
1. Even though the model is trying to accommodate the dynamic and
systemic characteristics of community it simplifies the complexity of reality.
While simplifying, some of the complexities in reality are neglected. To
avoid this kind of situation, verification by stakeholders within the case
study becomes vital. Stakeholders may help in determining the most
relevant variables or interactions between variables in the model.
2. Since the model is based on a quantitative approach, some of the
qualitative variables will not be adequately represented by the numbers.
Therefore, indices for variables in each value should be set based on the
performance indicators for a particular variable. This indexing system
should be accompanied by a rating of specific variables made by
stakeholders.
To conclude, the combination of Delphi questionnaires, semi structured
interviews and system dynamic analysis is a development from current
approaches to vulnerability assessment that addresses key identified
weaknesses (see Table 2.4, Chapter 2). The approach emphasises the
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characteristics of community, assesses current and future vulnerability levels,
and integrates vulnerability with resilience and adaptations. A system dynamic
analysis can model current and future vulnerability under different scenarios
providing an assessment of vulnerability levels as well as community
resilience and adaptations. In addition, the Delphi and semi structured
interviews value and incorporate the community’s aspirations in the modelling
process. Therefore, this combination of research methods may substantially
improve the depth and breadth of methodology discussion and development in
vulnerability assessment.
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CHAPTER 4
CASE STUDY DESCRIPTION
This chapter will explain the characteristics of my case study in relation to
flood risk management. The characteristics include aspects of its social,
economic, physical and governmental settings. The chapter will also describe
adaptations by community, government and NGO stakeholders in responding
to flood events.
Since flood risk management is a component of public policy, the discussion
of risk management at the local level is influenced by management of the
broader levels. Therefore, this chapter will also outline the broader context that
my case study is set within, including the Indonesian National Government,
East Java Province and Lamongan Municipality levels of government. All three
levels (national, provincial and municipal) have a significant influence on the
flood responses in the case study. The discussion will move from the broader
to the smaller contexts.
4.1 Disaster risk management in the Indonesian context
From the chronological approach, Indonesian Disaster Risk Management
(DRM) has been changing in response to current issues. The National
Coordination for Natural Disaster body was the first national organisation for
DRM in Indonesia, established in 1966. In 1979 it was revised by Presidential
Decree No. 28 and renamed the National Coordination Board for Natural
Disaster Management. In 1990 the need to include human-made disasters as
subject matter for Indonesian DRM prompted changes to the board based on
Presidential Decree No. 43. With those changes, the board changed its name
to the National Coordination Board for Disaster Management. Further changes
to the form of the DRM Board in Indonesia have occurred since then. In 2001,
the board changed name again to the National Coordinating Board for
Disaster Management and Internal Displaced People (Badan Koordinasi
Nasional Penanggulangan Bencana dan Penanganan Pengungsi). This new
board was based on Presidential Decree No. 3. It sat under the Ministry of
Social Welfare. Changes were again made in response to the extraordinary
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scale of the impact of the 2004 Aceh Tsunami. These changes were based on
the ratification of the Government Rule No. 83 in 2005. The board was
renamed the National Coordinating Board for Disaster Management (Badan
Koordinasi Nasional Penanggulangan Bencana).
Even though there were changes to the form of DRM organisation in
Indonesia from 1966 to 2005, the core characteristics of past management
patterns were reactive actions from government in response to a disaster. A
variety of different types of government organisations had similar functions in
that they reactively coordinated other ministries or other government agencies
in responding to disaster events. They were ad hoc governmental agencies for
handling disasters. The ad hoc nature meant that the agency had a role only
in supporting other government agencies for particular events. This
arrangement at the national level also became the pattern at the local levels
(both provincial and municipal). Therefore, the coordination placed a greater
focus on the emergency response rather than an integrated approach to
disaster management.
Emergency response as a result of reactive actions proved to be an
insufficient response to disaster events in Indonesia particularly after the Aceh
Tsunami in 2004. The Indonesian Government then ratified Act No. 24 on
Disaster Management in 2007. The Act put in place a more comprehensive
approach to disaster management that includes the following three points:
1. Provide a legal basis for establishment of the new government boards
with more authority for disaster management. The boards will have the
same level of jurisdiction as other ministries at national level or other
agencies at local levels.
2. Integrate the stakeholders’ adaptations from the mitigation to recovery
stages of the DRM cycle. The Act requires that all disaster
management boards (national, provincial and municipal) have specific
platforms and plans for disaster management.
3. Integrate disaster management with other public policies at all the
government levels. The integration process aims to improve the
effectiveness of disaster management such as integration with the
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spatial planning system, building codes, education systems, and in the
infrastructure development.
At the provincial level, in relation to Act No. 24 on Disaster Management in
2007, East Java Province had already established a Regional Disaster
Management Board (BPBD). The board is directly under the provincial
governor of East Java Province (as in Figure 4.1). The existence of the
board indicates that the provincial government has specific interests and
concerns for DRM. Figure 4.1 describes the structures for an integrated
approach to disaster management in East Java Province by including the
aspect of Mitigation and Preparedness, Emergency and Logistics and
Rehabilitation and Reconstruction.
Figure 4.1 Regional Disaster Management Board of East Java Province.
Adapted from http://bpbd-jatim.com/v1/index.php/profil/struktur-
organisasi (accessed January 10, 2012). The board which is no
longer an ad hoc organisation is designed to manage most
aspects in disaster risk management cycle.
The active Lamongan Municipality DRM organisation mainly was influenced
by past legislations (Presidential Decree No. 3 in 2001 and Government Rule
No. 83 in 2005) rather than the current one (Act No. 24 in 2007) resulting in a
focus on emergency responses. The unit was called the Lamongan
Implementing Unit for Disaster Management. It had been legalised by
Lamongan Mayor Decree No. 188/117.1/Kep/413.013/2009 and was involved
in managing disaster events up to January 2010. Its main task was to
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coordinate relevant agencies and bodies within the municipality including
safety agencies and the protection of the public, Irrigation Agency, Bengawan
Solo River Management, Health Agency, Municipal Level Police, etc.  Even
though the Municipality Disaster Management Board was appointed as the
main organisation at the municipal level in 2007, Lamongan Municipality only
established its board in January 2010. Since the board is newly established,
its effectiveness in responding to hazards cannot be examined in this study.
Therefore, the management pattern in Lamongan Municipality before January
2010 is assumed as emergency management.
The principle of “one river, one management” establishes Bengawan Solo
River Management Board (BBBS) as the main responsible entity for the Solo
River including in Lamongan Municipality. BBBS was established in 1969 after
a large flood in the catchment areas of the Bengawan Solo River in 1966. The
flood also impacted Lamongan Municipality. BBBS is under the Public Works
Ministry and is part of the responsibility of various national government
agencies.
In terms of its management plan, BBBS plans have moved from being focused
only on the engineering aspect to a more accommodating social and
economic aspect of management. The first management plan was the
Bengawan Solo River Basin Development Master Plan (BDMP) 1974 which
was then replaced by the Comprehensive Development and Management
Plan (CDMP) 2001. One of the five concerns in the plan is strengthening flood
control management (Directorate General of Water Resources, 2001). The
BDMP had only focused on the engineering aspects of management, such as
the flood control program, irrigation and sand prevention. Therefore, the later
plan has a broader focus in accommodating the social and economic aspects
of management.
4.2 Flood event as one of the major disasters in
Indonesia
Indonesia is one of the most prone areas to various types of disaster but
especially to floods. The EM-DAT, a database maintained by CRED (Centre
for the Research on the Epidemiology of Disaster), has noted 391 main
disasters in Indonesia as provided in Table 4.1 with 135 flood events
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recorded. The floods had significant impacts in terms of affected people,
damage/losses and fatalities. More detailed data are provided in Figure 4.2,
Appendix IV and Appendix V.
Table 4.1 Summarised Tables of Natural Disasters in Indonesia from 1900
to 2010. EM-DAT, the OFDA/CRED International Disaster
Database (Retrieved from http://www.emdat.be/result-country-
profile on May 10, 2010). Various types of disaster such as
earthquakes and floods have caused major impacts since 1900.
Disaster
Types
Disaster Sub
Types
No. of
occurences
No. of
Deaths
Total
Affected
Damage
(000 US$)
Drought Drought 9 9,329 4,804,220 160,200
Earthquake
(seismic
activity)
Earthquake
(ground
shaking) 96 29,947 8,463,540 7,053,476
Tsunami 7 167,841 568,561 4,506,600
Epidemic Unspecified 4 819 9,984 -
Bacterial
Infectious
Diseases 15 744 38,030 -
Parasitic
Infectious
Diseases 3 225 504,000 -
Viral Infectious
Diseases 13 2,178 137,015 -
Flood Unspecified 52 1,811 2,562,100 91,144
Flash flood 26 1,718 1,216,802 169,500
General flood 56 2,362 4,950,207 2,157,909
Storm
surge/coastal
flood 1 11 2,000 -
Mass
movement
dry Landslide 1 131 701 1,000
Mass
movement
wet Landslide 41 2,119 392,951 120,745
Storm Unspecified 3 35 12,000 -
Local storm 1 4 2,400 -
Tropical cyclone 6 1,953 5,298 -
Volcano
Volcanic
eruption 48 17,945 1,015,453 344,390
Wildfire Forest fire 9 300 3,034.478 9,329,000
TOTAL 391 239,472 27,719,740
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Figure 4.2 The Top Ten Indonesian Disaster Events Based on Their Impacts
Source: "EM-DAT: The OFDA/CRED International Disaster
Database (Retrieved from http://www.emdat.be/result-country-
profile on May 10, 2010). Flood in Indonesia has become one of
the major disasters from those three types of impact.
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In terms of yearly floods in Indonesia between 1900 and 2009, Figure 4.3
indicates their impact.  The figures show an increase in the impact (affected
people, damage/losses and deaths) in terms of their frequency and intensity.
These facts have also been addressed by Hidayat et al. (2008) and Santoso
and Forner (2006) as being an effect of climate change. The IPPC has also
reported that climate change will worsen the extreme flood events in Indonesia
based on the use of General Circulation Models (GCMs) (Cruz et al. 2007).
Therefore, the impacts of future floods are likely to be even more severe.
Figure 4.3 Flood Impact in Indonesia from 1900 to 2009 (A = Total Affected
People and Total Damage Losses and B = Total Deaths). Source:
"EM-DAT: The OFDA/CRED International Disaster Database
(Retrieved from http://www.emdat.be/result-country-profile on
May 10, 2010). The impacts of floods in Indonesia have increased
both in terms of scale and intensity since 1900.
A
B
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4.3 Case study characteristics
From an administrative point of view, Centini Village is one of 20 villages in
Laren Regency, Lamongan Municipality, East Java Province, Indonesia. It is in
the northern part of Bengawan Solo River bank. The village administrative
boundaries are as follows: northern boundary is Keduyung Village (Laren
Regency); southern boundary is Duri Kulon Village (Laren Regency); western
boundary is Mlangi Village (Widang Regency, Tuban Municipality) and eastern
boundaries are Bengawan Solo River and Taji Village (Widang Regency,
Tuban Municipality). Moreover, the village also has two sub villages named
Centini Sub Village and Guyangan Sub Village. These two sub villages also
consist of eight and 16 sub neighbourhood units respectively. Figure 4.4
illustrates the administrative boundaries of Centini Village.
The majority of Centini Village is located in low lying areas under the river
embankment and is below seven metres. The lowest topography area is at
four metres above sea level and the highest is at nine metres. Table 4.2 and
Figure 4.4 show the variety of the topography of Centini Village through the
hot spots in the figure.
Table 4.2 Areas based on the topography in Centini Village. The residences
are located in the area below seven metres.
Within the residential areas, there are three types of housing comprising
permanent, semi-permanent and non-permanent types. Table 4.3 shows the
number of houses based on their types. The permanent houses are those
which are of brick construction while the non-permanent houses are those
constructed of natural material such as bamboo. In addition, the semi-
permanent houses are made of both brick and natural material. All types of
houses are spread out around the villages.
No. Topography Area (M2)
1 Areas below 4 m 872,048.210
2 Areas within 4-5 m 417,649.998
3 Areas within 5-6 m 435,638.537
4 Areas within 6-7 m 490,325.822
5 Areas within 7-8 m 119,844.073
6 Areas within 8-9 m
TOTAL 2402,407.696
59
cig
urÉ
 4K
4
Ma
p o
f C
Én
tin
i s
illa
gÉ
 Ad
mi
nis
tra
tiv
É B
ou
nd
aró
 an
d i
ts 
con
tou
r m
ap
60
This page intentionally left blank.
61
Table 4.3 Types of Housing in Centini Village. Source: Laren Regency
Profile, 2008. Majority of the houses are semi-permanent and
non-permanent houses.
No.
Permanent Semi-Permanent Non-Permanent
1 57 231 269
Based on the overlaying images from Google Earth Application on a contour
map, all of the houses are located below the embankment height. Table 4.4
gives the number of houses at each metre of altitude. It shows that all of the
houses are located at 6-7 metres and as the embankment height is at least 7
metres high, it is clear that all of the houses are lower than the embankment.
Table 4.4 Numbers of Houses based on the Topography. All are located
between 6 to 7 metres.
No. Locations of the Houses Numbers
1 Houses below 4 m 0
2 Houses within 4-5 m 0
3 Houses within 5-6 m 0
4 Houses within 6-7 m 811
5 Houses within 7-8 m 0
6 Houses within 8-9 m 0
Based on demographic features, in 2008, Centini Village had a low density
and low level of population increases which reflect the average rural areas in
Indonesia. It had a population of 3,225 people with two births in every 1,000
people and one death in every 1,000 people in 2008. In terms of migration,
there is no significant data for both in-migration and out-migration. As a rural
area, the village has a low density (649 people/km2) with the number of
household members averaging around four people. Therefore, the population
in Centini Village has remained stable since 2004 as shown in Table 4.5.
Table 4.5 Centini Village’s population. Source: Laren Regency in Numbers,
2008.
Year Number of People
2004 3,375
2005 3,374
2006 3,193
2007 3,225
2008 3,225
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Figure 4.5 An education facility (left) and a local health centre (right)
Figure 4.6 Main road to access the villages from the eastern part of the
village and the public cemetery in Centini Village
The basic forms of infrastructures also exist in the village. Figure 4.5 shows
the basic standard of education and health centre facilities. Figure 4.6
illustrates the main road in the village which is a soil-surface road and has
multiple functions. It functions as an outer embankment in normal rain events
and as a place for evacuation shelters in emergency situations. Figure 4.6
also shows a poorly developed public cemetery in Centini Village. In terms of
village welfare, Centini Village is one of the more underdeveloped villages in
Laren Regency based on data for 2008. The number of households classified
as Pra Sejahtera (under wealth standard) is 208 (or 24%) of the total
households. The number of households classified as Sejahtera III Plus (the
highest wealth group) is only 48 (or 5%) of the total (868 households).
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Figure 4.7 Houses in Centini Village
The types of house in the village reflect the household economic levels. The
first two houses on the right in Figure 4.7 are poorly constructed indicating that
those two households are in the low economic families group. They are of
quite different construction compared to the fourth house from the right of the
Figure. This house is bigger and better constructed indicating that the
economic level of this family is much higher than the first two.
Figure 4.8 illustrates semi-permanent houses that are common in the village.
The houses are located in the low-lying land and some are even lower than
the road such as that shown in Figure 4.8. This photo was taken from the main
road (Figure 4.6). When the area is flooded, this house will suffer more than
the houses in Figure 4.7.
Figure 4.8 Houses near the main road
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Figure 4.9 Commercial areas in the village (left). The main village shopping
centre (right).
At an economic level, the village is one of the poorest on Java Island. The
basic form of commerce in Centini Village consists of: one traditional market,
40 kiosks, one KUD (village cooperative system), two electronic and repair
shops, one welding shop, one party equipment rental and two photocopy
shops (as shown in Figure 4.9). Figure 4.10 illustrates the main economic
source of the villagers which is agriculture-based; it has become the dominant
use of land in the village. The main economic source of the villagers is
agriculture-based economic activities involving 98.2% of the total villagers in
Laren Regency (Laren Regency Monograph, 2009)1 and this has become the
dominant use of the land covering 88.45% of the total land in Centini Village
(Centini Village Profile, 2007). Figure 4.10 illustrates land under agriculture.
Figure 4.10 Plantation areas in Centini Village.
1 Due to data limitation in Centini Village, I use data village occupation from Laren
Regency Monograph 2009 to illustrate characteristics in Centini Village. Centini
Village is one of the villages in Laren Regency.
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4.4 Flood characteristics in Centini Village, Lamongan
Municipality, Indonesia
Flooding is one of the most frequent and devastating disaster events in
Lamongan Municipality, particularly for Centini Village. The last flood at the
end of 2008 up to the beginning of 2009 resulted in impacts on around 16,733
houses and 2,212 evacuated victims. The estimated losses due to flood
damage were USD$27.5million (Lamongan Municipality, 2008). Table 4.7
describes the impacts of the 2008 Lamongan Flood which mainly affected the
Regency of Laren, Maduran, Babat, Glagah and Karang Binangun. Based on
the comparison, Centini Village and Laren Regency were the most affected
areas. Figures 4.11 and 4.12 illustrate the devastation caused by this flood.
Table 4.6 Comparison of 2008 Lamongan Flood’s impacts in Lamongan
Municipality, Laren Regency and Centini Village. Status at 12
January 2008. Source: Satlak PB Lamongan Municipality’s
Reports on Flood Event 2008.
No Types of impacts
Lamongan
Municipality
(consists of 27
regencies and
474 villages)
Laren Regency
(consists of 20
villages)
Centini Village
1 Inundated Houses 8,585 houses 6,679 houses 1,120 houses
2 Impacted People 34,209 people* 24,840 people 3,374 people
3 Evacuated People 29,656 people 24,840 people 3,374 people
4 Impacted Elementary
Schools
11 units** 8 units 1 unit
5 Impacted Junior High
Schools
6 units** 6 units 2 units
6 Impacted Senior High
Schools
2 units** 2 units 1 unit
7 Impacted mosques 26 units*** 19 units 2 units
8 Impacted small mosques 65 units*** 42 units 4 units
9 Impacted fishponds 470.2 ha 321 ha -
10 Impacted paddy fields 2363 ha 1,837 ha 123 ha
11 Impacted kenaf 530.3 ha**** 530.3 ha 84.1 ha
12 Impacted shops 117 units**** 117 units 15 units
Notes:  * Data on the impacted people of Maduran Regency are justified as
766 households multiplied by 4 as the average size of families.
** Data does not include Glagah Regency
*** Data does not include Karang Binangun Regency
**** Kenaf is only in Laren Regency
In 2009, Lamongan was impacted by floods once again, compounding the
impacts of the 2008 flood. The 2009 flood inundated eight regencies in
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Lamongan Municipality: Babat, Laren, Pucuk, Glagah, Karang Binangun, Turi,
Deket and Kalitengah. Table 4.6 illustrates the impacts of this flood.
Figure 4.11 Evacuation Shelters on the main road (Embankment of River).
Adopted from Lamongan Implementing Unit for Disaster
Management (2008).
Figure 4.12 Inundated plantation in 2008 Lamongan Flood Event. Adopted
from Lamongan Implementing Unit for Disaster Management
(2008).
4.5 Stakeholders’ adaptations on flood event in Centini
Village
Since flooding is a cyclical event in Centini Village, the community have
developed their own pattern of adaptations for responding to the impending
event. These adaptations may include actions from governments, groups of
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villagers or individuals. All the adaptations are a result of responses to the
flood as a potential hazard in the village.
Table 4.7 Comparison of 2009 Lamongan Flood’s Impacts in Lamongan
Municipality, Laren Regency and Centini Village. Status at 6
March 2009. The comparison demonstrates the significant
impacts of flooding to Centini Village in its larger administrative
boundaries (regency and municipality). Source: Satlak PB
Lamongan Municipality’s Reports on Flood Event 2009.
No Types of impacts Lamongan
Municipality (consists
of 27 regencies and
474 villages)
Laren Regency
(consists of 20
villages)
Centini
Village
1 Inundated Houses 16,733 houses 4,253 houses 455 houses
2 Impacted People 66,733 people 16,892 people 1,700 people
3 Evacuated People 2,212 people 1,588 people -
4 Impacted Village Roads 5,000 m 94,990 m -
5 Impacted Kindergartens 4 units 14 units -
6 Impacted Elementary
Schools
6 units 22 units 1 unit
7 Impacted Junior High
Schools
2 units 4 units -
8 Impacted Senior High
Schools
2 units 4 units -
9 Impacted mosques 5 units 20 units 1 unit
10 Impacted small mosques 16 units 21 units 3 units
11 Impacted fishponds 535 ha 5,304 ha -
12 Impacted paddy fields 315 ha 1,632 ha 20 ha
13 Impacted health centre 1 unit 7 units -
Government actions mainly follow reactive actions and the structural or
infrastructural approaches.  An example of a reactive action is having an
Implementing Unit for DRM rather than a Municipal Disaster Management
Board as explained in Section 4.1. The most likely reason for relying on
reactive actions is the lack of defined regulations in Lamongan Municipality
Spatial Plan. In addition, the various agencies have expressed their concerns
about building adequate infrastructure to control floods such as river banks,
embankments and drainage systems. Although the municipal government
places most emphasis on reactive actions, the involvement of municipal
agencies has made valuable contributions to emergency responses for the
last two floods. This was indicated by the availability of public kitchen and
health services immediately after the floods.
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Figure 4.13 Community involvement in building temporary dam. There is a
custom where villagers have strong community self-help
mechanisms in responding to village issues such as floods.
Adopted from Lamongan Implementing Unit for Disaster
Management (2008).
The action taken by a group of villagers can be significant because of the
substantial social cohesion that exists in the community. Their coordinated
actions are a strength in responding to hazards. Gotong royong (working
together) is part of their culture and includes responding to the floods. The
2008 and 2009 flood events raised the importance of flood response training
so in May 2009, ELSAP, an NGO, conducted training for villagers.
Figure 4.14 ELSAP Flood Risk Training in 2009. Local NGOs, such as ELSAP,
have promoted disaster risk management on a voluntary basis.
One of their actions is conducting training on emergency
response to floods  in Centini Village but it is not regular as they
lack sufficient support.  Adopted from ELSAP documentation.
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Cyclical floods also educate the villagers to have better flood response plans.
Even though the majority of the villagers are farmers, traditional wooden boats
are quite often found near their houses as shown in Figure 4.15. The villagers
use the boats for evacuation and transportation in flood situations. In addition,
they also have a tradition of making an antru when the flood inundates their
houses. An antru is a temporary mezzanine. For the agricultural aspect, floods
cause changes to habitual practices in the farming system. In general in
Indonesian farming, corn and other crops are planted together in the rice fields
after the rice has been harvested. The village in my case study combines use
of their rice field with kenaf (an inundated tree crop used for making fibre
glass) and sometimes with aquaculture.
Figure 4.15 A typical boat near a villager’s house. Even though the majority
of villagers are farmers and the village location is not in a coastal
area, many households have this typical boat. It is used for
transportation from one place to another such as from their
house to the embankment (evacuation shelter) when high floods
hit the area.
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CHAPTER 5
ESTABLISHING VULNERABILITY FACTORS AND
ADAPTATIONS
5.1 Identifying Preliminary Vulnerability Factors
Within the vulnerability assessment literature, the term vulnerability factor is
sometimes used interchangeably with vulnerability indicator (Armas, 2008;
Brenkert and Malone, 2005). Both terms have been used for the same
purpose of assessing vulnerability levels. In contrast, this research makes a
distinction between vulnerability factors and indicators.
In terms of this research study, indicators are measurable values for
establishing the level of vulnerability. Since the level of community
vulnerability is an abstract idea, the use of indicators in representing the level
will improve the assessment process. Therefore, the indicators are a
representation of vulnerability level. The key element of indicators as
measurable values makes the level more tangible. The key indicators of
community vulnerability used in this research are:  numbers of victims,
damage/losses and recovery (as provided in Section 2.5).
I interpret vulnerability factors as issues that can affect the performance of
community vulnerability levels. A change in the value of factors will inevitably
change the indicators of community vulnerability. Consequently, the changes
in indicators will cause changes in the level. This interaction will be the primary
concern within my vulnerability modelling. In relation to community
vulnerability dimensions (as provided in Section 2.5), vulnerability factors
should reflect a comprehensive approach to representing community
perspectives. However, a complete list of factors cannot be included in the
model due to computational challenges. Hence, a process of simplification is
required to identify the factors which are most relevant to the case study and
represent key issues across the community. Therefore, defining vulnerability
factors should begin with a comprehensive list of potential vulnerability factors,
which are then assessed by considering the relevancy of potential factors to
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the case study to justify the preliminary factors. The list of factors is then
finalised by testing the preliminary factors to get the most relevant factors to
the case study. Moreover, four principles (as discussed in Section 5.2) are
applied to ensure context-specific relevance within the study of community
vulnerability. The principles also emphasise different dimensions of the
vulnerability study. Therefore, some factors can be valued differently based on
several criteria such as stakeholders’ expertise and locality. Section 5.2
provides an explanation of the analysis process using the Delphi technique.
Based on key literature, I identified 201 potential factors that can influence
community vulnerability (e.g. Wigati, 2008; Cutter & Finch, 2008; Preston,
Brooke, Measham, Smith, & Gorddard, 2008). I classified the factors in terms
of different organisational levels in society (individual, community and social
network) and different classes of issues (social, economic and physical
aspects) to emphasise the importance of community vulnerability dimensions.
The grouping process is important to ensure that the factors will best
represent the key dimensions of community vulnerability. Appendix VI
provides a list of potential vulnerability factors grouped by these organisational
levels and classes of issues. The comprehensiveness of this list is in contrast
to previous research which has focused on a much smaller list of factors,
typically age, gender, education, and income (e.g. Armas, 2008; Brenkert &
Malone, 2005).
A process of elimination is then undertaken to establish a shorter list of
‘preliminary vulnerability factors’ for use in a Delphi Questionnaire. The first
phase of elimination assesses the suitability of each factor with respect to my
case study. Appendix VII provides some justification for the suitability of these
factors. Since some factors have a similar meaning, combining them is the
next phase of the elimination process. These two processes resulted in a list
of 69 potential vulnerability factors.
Since inclusion of too many factors as variables in the Delphi Questionnaire
can be confusing for the respondents, a second stage of assessment was
required. Section 3.6.2, which explains the method of the Delphi Policy,
emphasises the need to have a concise number of variables. The second
stage processed the relevant vulnerability factors to my case study area by
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classifying them as having high, medium and low degrees of relevancy. The
second assessment process also considered both the frequency in the
literature and group-related variables for representing community
characteristics. In conclusion, the second assessment resulted in 37 potential
factors all of which had a high degree of relevancy to my case study. Appendix
VIII presents the assessment process of the second stage resulting in the
factors listed in Table 5.1.
Table 5.1 Second Stage Assessment Result on Vulnerability Factors
No Vulnerability Factors
A INDIVIDUAL - SOCIAL
1 Age
2 Special needs populations
3 Attitude of population to
disaster
4 Participation in disaster
management
5 Trust in the authority figure
6 Ability to swim
A INDIVIDUAL - PHYSICAL
7 Telephone connection
(communication)
8 Housing in risky location
9 Building materials
A INDIVIDUAL – ECONOMIC
10 Income
11 Levels of individual economic
reserves
12 Informal and formal insurance
B COMMUNITY - SOCIAL
13 Plans
14 Population density
15 Food security in emergency
events
16 Government grants
17 Social interaction
18 NGOs
19 Degree of collective
responsibility
20 Lack of participation in disaster
management
B COMMUNITY – PHYSICAL
21 Infrastructure
22 Accessibility
23 Critical facilities
24 Utilities
25 Topography
B COMMUNITY – ECONOMIC
26 Levels of community economic
reserves
27 Economic diversity
C
SOCIAL NETWORK -
SOCIAL
28 Plans
29 Presence of early warning
system (EWS)
30 Organisational systems
31 Social interaction
32 Government services
33 External support provided by
friends, government, and
private donors
C
SOCIAL NETWORK -
PHYSICAL
34 Regional transport
35 Infrastructures
36 Communication
C
SOCIAL NETWORK -
ECONOMIC
37 Investments
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The last stage of the assessment involved combining groups of similar factors
and teasing out more complex factors into several simpler factors that can be
more easily understood by stakeholders. The last stage of assessments
resulted in 24 factors which I called ‘preliminary’ factors. The preliminary
factors (shown in Table 5.2) became the variables in my Delphi Questionnaire.
The questionnaire used these to finalise a list of key variables most influential
in determining community vulnerability levels to flood in Centini Village.
Table 5.2 Preliminary factors based on relevant literature. Grouping of
several factors into one may simplify a first round of a Delphi
Questionnaire. It is important to increase respondents’
understanding as well as encouraging respondents to be
involved up to the final round.
No Preliminary Factors
Factors from the result
of second stage as in
Table 5.1*
1 Disadvantaged people 1,2,6
2 Attitude to disaster and disaster management 3,4,5,6
3 Ownership of communication media 7
4 Housing condition 8,9
5 Income 10
6 Formal or informal insurance or saving 11,12
7 Government instruments 13,16
8 Social interaction 17
9 Population density 14
10 NGO involvement 18
11 Attitude to disaster and disaster management 15,19,20
12 Standard facilities and utilities at community level 34,35,36
13 Emergency facilities and utilities 21,22,2324
14 The nature of the area 25
15 Levels of community economic reserves 26
16 Economic diversity 27
17 Organisational systems 28, 29, 30, 32
18 Social interaction 31
19 External support 33
20 Regional transport 34
21 Infrastructures 35
22 Communication 36
23 Investments 37
Note: * = the numbers in this column indicate the numbering factors in Table 5.1
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5.2 Finalising Vulnerability Factors for Flood Disaster
in Centini Village
The Delphi Questionnaire examined preliminary vulnerability factors identified
for the case study in Centini Village. The questionnaires were provided to 18
key stakeholders in November 2009. The survey was conducted mostly in
Centini Village, Laren Regency, the capital city of Lamongan Muncipality,
Babat Regency and Surabaya (the capital city of East Java Province). There
were 2 iterations of Delphi questionnaires. In the first questionnaire, I provided
a set of questions. Responses to the first questionnaire were analysed and
used as inputs for the second round of questionnaire. To the same
stakeholders, the second round of questionnaire was then distributed to verify
stakeholders’ comments from the first round.
In analysing the output of the Delphi questionnaire, I avoided relying only on
quantitative analyses such as Likert scales or tallying. While the use of Likert
scales or tallying with equal weight on all stakeholders may have increased
the consistency of the analytical process, it may also have reduced sensitivity
to the variety of stakeholders’ opinions and backgrounds. This is because
aggregate values derived from the Likert scale do not allow for differing levels
of competency among stakeholders (Millar et al., 2007; Wedley, 1980). As
Delphi is a qualitative analysis, the competency of individual stakeholders
should be also valued proportionally (Hsu & Sandford, 2007; Briedenhann &
Butts, 2006). The following paragraphs explain four principles in analysing
Delphi results along these lines.
Firstly, a tallying process counts the total number of agreed respondents for
each factor. A comparison between the first and second round of
questionnaires (as explained in Section 3.5.1) on the total indicates final
answers from each of the stakeholders. In the case of convergence where the
total number of respondents who agree is high, and agreement in the second
round is greater than the first round, the factors become the final vulnerability
factors for the flood case study in Centini Village. Conversely, if the total
number of respondents who agree is low, the convergence is still insufficient
for approving the factor.
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Secondly, since my study of vulnerability is context-specific, groups of
respondents sharing certain characteristics will be treated differently. The local
stakeholders (from government and non-government organisations) will be
valued more highly than stakeholders from outside Laren Regency since local
stakeholders have had direct involvement in the management of past flood
events. Moreover, the majority of local stakeholders, which have also been
impacted by floods, can increase the relevance of their perspectives. This
principle applies only to certain potential factors which have more local
perspective understanding than other aspects. Those potential factors include
the numbers of elderly people, disabled people and family saving capacity.
Thirdly, since stakeholders vary in terms of their expertise, the perspectives of
those who have expertise relevant to certain factors will be assessed as more
valuable than other stakeholders. Only the specific expertise related to a
profession will be counted as being more valuable; for example, the
perspectives of the health agency on the importance of the number of babies
will be ascribed more weight than the perspectives of other stakeholders on
the importance of this factor.
Lastly, to determine the appropriate weighting of the perspectives of a
stakeholder on a factor, some data from government publications will support
the perspectives. The data will prove the importance of a factor in the case of
low convergence. In addition, the data can also provide feedback to
stakeholders in the case of misleading judgments from stakeholders. Some
stakeholders could possibly have a misconception about an issue due to
insufficient knowledge.  Table 5.3 shows a comparison of the tallying results
from both rounds of the survey and perspectives of the various stakeholders
on each factor. The shaded rows indicate eliminated vulnerability factors.
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Table 5.3 A comparison between 1st and 2nd round questionnaires and the analysis of stakeholders’ perspectives. The comparison
emphasises the number of respondents who agree from both rounds, their comments on comparing the results of both
rounds and the changing numbers of these respondents from the first round to the second round.
No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
Factors derived from literature
1 Number of elderly
people
3 2 6 0 11 2 2 5 0 9 The main argument from most respondents who
agreed is in a general sense. They believe that Centini
Village will have similar characteristics of elderly
people with common perspectives on responding to
hazards. As there is a stereotype of senior people as
being one of the most vulnerable groups, the
respondents who are mainly outsiders (7 out of 9)
justified that the elderly people are one of the factors.
Otherwise, more contextual reasons come from
different respondents who disagreed. For example,
the Health Agency person suggested that elderly
villagers will not affect the vulnerability level as they
are still strong and hardworking. Local government
stakeholders (both of regency and village) and two out
of four local NGOs disagreed on this factor. The two
non government local stakeholders agreed without
giving any convincing reason.
2 Local non-government bodies of Laren Regency
3 Outsider non-government bodies of Laren Regency
4 Outsider government bodies of Laren Regency
5 Local government bodies of Laren Regency
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
2 No. of disabled people 0 0 2 0 2 0 0 2 0 2 There are limited numbers (2) of respondents in
agreement in both rounds who gave no convincing
reasons. Those who agreed are municipal police
officers and provincial disaster management board
members. Both use stereotypical thinking about
disabled people. However, the Health Agency
representative stated that the number of disabled
people in the area will not be significant. This
statement was also used by other local stakeholders
in disagreeing with the factor.
3 Attitude to disaster and
disaster management
3 3 7 2 15 3 3 8 2 16 Particularly in the second round, all the respondents
agreed on this factor.
4 Community involvement
in disaster management
3 3 8 2 16 3 3 8 2 16 All respondents agreed on this factor in both 1st and
2nd rounds.
5 Level of community trust
of formal and informal
leaders
3 2 8 2 15 3 2 8 2 15 Only the Red Cross person disagreed without
providing a convincing argument. He assumed that
the leaders are also victims of floods who need
support. Therefore, he concluded that the leaders
cannot do much in helping the community to minimise
the level of community vulnerability.
6 Ownership of
communication
technology
3 2 8 1 14 3 2 8 2 15 In the 2nd round, only the TAGANA representative
disagreed. He argued that the majority of the hand
phones are inactive due to no power sources. He also
added that there was no coordination for using the
communication technology. Meanwhile, Centini head
villager (a changing stakeholder) argued that the use
of hand phones was much more for pre-event
management.
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
7 Buildings/houses
location in inundation
areas
3 2 8 1 14 3 2 8 1 14 Two respondents disagreed consistently. They are
Centini Head Villager and the Red Cross
representative. Centini head villager only stated the
degree of influence of about 35% based on his feeling.
The Red Cross person argued that building/house
locations cannot be easily changed as their location
mainly depends on their economic situations. So,
based on the Red Cross opinion, modifying the factor
of location will not effectively influence the vulnerability
level. Since there are only two opposing respondents
with less convincing arguments, the factor is still
significant for my case study.
8 Building Materials (brick
or wood houses)
3 1 7 1 12 3 1 7 1 12 Four stakeholders who disagreed are JAMAL, Red
Cross, Centini head villager, and provincial
government. Overall, they argued that the quality of
the building materials will determine their vulnerability
9 Income 2 0 5 2 9 3 0 5 2 10 All the local stakeholders (5) agreed. All respondents
who agreed from the local area stated the relevancy of
the factors to my case study. The income is the main
source of funds in the recovery process.
10 Family saving 2 0 1 2 5 2 0 1 2 5 There are four local respondents who agreed and only
one (ELSAP) disagreeing on the factors. The latter did
not provide an explanation. The Centini Head of
Village, as one of the local respondents who agreed
argued that the villagers regularly attend their local
bank. Based on outside respondents, only one of
them did not agree on the factor while others (11)
disagreed. The only one who agreed is from Social,
Worker and Transmigration Agency which is the most
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
relevant sector on the factor. He argued that the
saving factor will influence the recovery process.
Therefore, since the majority of local and the most
relevant of outsider respondents agreed with valid
reasons, I included the factor as one of my
vulnerability factors.
11 Insurance membership 0 1 2 0 3 0 1 2 0 3 There are a few and constant numbers of respondents
who agreed. The majority of respondents believed that
none of the villagers becomes a member of one of
insurance packages. The stakeholders consider
insurance an expensive product for the villagers.
12 Availability of spatial
plan
0 2 7 1 10 2 3 7 1 13 Respondents who agreed increases (10 to 13) but in
the general understanding of arguments. They valued
the importance of having the plan in minimising a
flood's impacts. However, they still have no idea of
how to integrate it within flood risk management.
Moreover, according to the Municipality Development
Planning Board, the affected areas are not in a local
master plan. It means that the plan has no contribution
to flood risk management in my case study for the
current situation.
13 Population density 1 1 7 0 9 2 1 7 0 10 Respondents who agreed increases from 9 to 10
respondents. The arguments to proposing the factor
were on the population number rather than the
population density. They considered that the
population number mainly drives the population
density. So they agreed on this factor in the sense of
responding to population numbers. Conversely, the
majority of local stakeholders disagreed with this
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
factor with arguments of low and uniform density
within the area. Therefore, I justify this factor as
irrelevant factors for my case study.
14 Food availability in
emergency situation
3 1 8 2 14 3 1 8 2 14 Only JAMAL and TAGANA representatives disagreed
with this factor.  JAMAL considered that the foods
were supplied as soon as the floods reach the areas.
He was of the opinion that the factor is no longer one
of my vulnerability factors. This shows how
stakeholders can interpret the same question
differently, influencing their responses within the
Delphi Questionnaires. Based on my point of view,
JAMAL’s framework of thinking has reflected that the
factor is still important. However, he did not propose it
as one of my factors because the factor, based on his
perspective, had been a good performance. A good
performance can be seen from the foods supplied as
soon as the floods reach the areas. In terms of the
Delphi technique, JAMAL’s response shows a
methodological weakness in the Delphi technique. To
minimise the bias created by different interpretations
of questions, I describe arguments from respondents,
use a tallying process to represent the general
perspectives of comments and identify the most
relevant stakeholders in a factor.  In addition,
TAGANA refused to review his first round results for
the second round. He also did not provide any
reasons in opposing some factors including food
availability in emergency situations. These responses
further reduced the value of his perspectives within
this methodology.
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
15 Government aid 3 2 7 2 14 3 2 7 2 14 Same as no. 14.
16 Social interaction in
community
3 3 7 2 15 3 3 8 2 16 Same as no. 3.
17 NGOs involvement 3 3 8 2 16 3 3 8 2 16 Same as no. 4.
18 Level of community
collectiveness
3 3 8 2 16 3 3 8 2 16 Same as no. 4.
19 Infrastructure availability
(e.g. schools, health
centre, mosques, etc)
3 1 7 2 13 3 2 8 2 15 The majority of respondents (15) agreed on this factor.
Only TAGANA disagreed. The same as for no 14,
TAGANA refused to review his first round results for
the second round. He also did not provide any
reasons in opposing some factors including food
availability in emergency situations.
20 Accessibility 3 2 8 2 15 3 2 8 2 15 Same as no. 19.
21 Availability of
emergency facilities
(e.g. boats, shelters,
evacuation areas, etc)
3 2 8 2 15 3 2 8 2 15 Only JAMAL disagreed with an insignificant argument.
Situation on no. 14 also occurred in this factor.
22 Inundated areas 3 3 8 2 16 3 3 8 2 16 Same as no. 4.
23 Variances of community
economic sources
3 3 7 2 15 3 3 7 2 15 Only the Health Agency person disagreed on this
factor. He argued that the scale of floods' impacts will
determine the importance of the factor. Since the
floods' scales are varied and the majority of
respondents agree, I will include this factor within my
research.
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
24 Early warning system 2 1 8 2 13 3 2 8 2 15 Only JAMAL disagreed on this factor. Situation on no.
14 also occurred in this factor. Conversely, some
stakeholders supported the existence of EWS (early
warning system) without proof. Some of them
criticised the poor or non existence of early warning
system. Although the existence of early warning
system is debatable, all the 15 respondents agreed on
the importance of this factor as one of the vulnerability
factors.
25 Coordination 3 3 8 2 16 3 3 8 2 16 Same as no. 4.
26 Government services
(e.g. building codes,
permits, etc)
1 1 6 2 10 2 1 6 2 11 The majority of respondents agreed on this factor with
significant comments. On the other hand, the
respondents who disagreed provided no significant
reasons. Some of disagreeing respondents
considered that this factor had little correlation with
flood risk management such as Health Agency, Red
Cross and local radio. Their arguments were weak as
their professional works were in different areas. Only
the Municipal Planning Board which had significant
interests disagreed with this factor. He valued it as not
a factor because he suspected that the villagers have
a strong opposition to the government instruments. He
believed that the government services in that area do
not exist. The other disagreeing respondent is
TAGANA.  Situation on no. 14 also occurred in this
factor for TAGANA’s comments.
27 External support 3 3 7 2 15 3 3 8 2 16 Same as no. 3.
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
28 Investment 0 0 1 1 2 0 0 2 1 3 The number of respondents who agree is insignificant
– only 3. However, Social, Worker and Transmigration
Agency, Centini Head of Village and Public Works
Agency provided valid responses. They argued that
investment can finance the rehabilitation processes.
Conversely, a strong opposition on this factor comes
from most respondents. They believed that the
investment in Centini Village is insignificant since the
village is on a basic economic level. They also added
that not many investments come from non villagers.
Since both sides have significant reasons, the majority
supporting the factor concluded the factor is not one of
my vulnerability factors.
29 Land ownership 2 1 7 2 12 2 2 7 2 13 Only three disagreeing respondents with no further
explanations. The three respondents are TAGANA,
Local Radio and unit of Rapid Response.
Factors derived from stakeholders opinions
30 Swamp silting up 1 0 0 0 1 3 3 7 1 14 14 respondents agreed with the argument that swamp
silting can minimise the volume of the swamp area to
store the water overflow from the main river. Majority
of respondents also suggested that land conversion
was the main cause of swamp silting. Only Provincial
Disaster Risk Management Board disagreed with no
further clarifications.
31 Land conversion from
swamp to the
aquaculture.
1 0 0 0 1 1 2 6 1 10 Same as 30 for the 11 respondents justifying this
factor together as land conversion factor.
32 Drainage system. 1 0 0 0 1 3 3 7 2 15 Same as no. 3.
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
33 River embankment
reconstruction
0 0 1 1 2 3 3 7 2 15 All stakeholders agreed on this factor except
provincial government (Provincial Disaster Risk
Management Board) with insignificant reason.
34 Community perception
on flood
0 0 1 0 1 2 3 4 2 11 Five respondents disagreed on this factor since the
flood is an annual basis of disaster. Therefore, they
considered that community perception of flood
characteristics has been formed well. Conversely,
eleven respondents opposed those who agreed. They
believed that a well formed perception of the floods is
not in line with the attitude to have better responses to
floods. Some of the community have better responses
but others do not. So the perception will not only be
about getting to know the flood characteristics but also
responding to coming floods. Moreover, perception
has also been counted in community attitude to flood.
Therefore, this factor is still one of my vulnerability
factors which will be included in community attitude.
35 Infrastructure
redevelopment
0 0 0 0 0 3 3 7 1 14 Only the Centini Head of Village disagreed with
insignificant reason. He believed that this factor is the
upper level of government’s concern.
36 Number of babies 0 0 1 0 1 1 0 5 1 7 The majority of respondents disagreed with the reason
that there is an insignificant number of babies in the
village. Conversely, Health Agency suggested that the
number of babies is significant based on their annual
data. In addition, the number of respondents who
agreed and disagreed are even. Since the factor is in
the main profession of Health Agency, and the agency
provided data to support his argument, I believed that
the factor is significant for my case study.
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
37 Nutrition status 0 0 1 0 1 2 0 5 0 7 Same as no. 36.
38 Chronic diseases 0 0 1 0 1 0 0 4 0 4 Only four respondents agreed with this factor. The
Health Agency agreed that this factor will cause the
victims to be at greater risk. However, he then
emphasised that the effect of floods on chronic
diseases cannot be identified as the development of
chronic diseases is over a longer time. Therefore, I
believed that this factor is not one of my vulnerability
factors.
39 Community knowledge
on flood
0 0 1 0 1 2 3 6 2 13 The argument to include this factor is similar to the
factor for no. 34. The factor of attitude to flood will
represent this factor as one of my vulnerability factors.
ELSAP, unit for rapid response and provincial disaster
risk management board are the three disagreeing
respondents.
40 Gender involvement 0 0 1 0 1 1 1 2 2 6 The majority of disagreeing respondents argued that
gender will not determine community involvement.
They justified this by saying that the involvement of
the community has been equally contributed to with
different functions and activities between males and
females. There is no significant issue on segregation
among gender not only in disaster risk activities but
also in social life. Therefore, I will eliminate this factor
in my research.
41 Government readiness 0 1 0 0 1 3 3 7 2 15 Same as no. 3.
42 Culture 0 0 1 0 1 0 0 3 0 3 Number of respondents who agree is insignificant.
Moreover, this factor is too abstract which results in
difficulty in measuring it.
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No Vulnerability Factors
Number of respondents who agree
1st Round – Group 2nd Round – Group
12 23 34 45 TOTAL 1 2 3 4 TOTAL Comments on Stakeholder Perspective
Number of Stakeholders
within the group 3 3 8 2 16 3 3 8 2 16
43 Political commitment 0 0 0 0 0 0 0 1 0 1 The Health Agency person advised political
commitment in the second round. Even though it is
necessary, there is an issue on how to measure it.
Therefore, this factor will not be included.
Note: eliminated factors
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As shown in Table 5.3, 18 stakeholders assessed 43 vulnerability factors.
Only 16 of these stakeholders provided responses. Seven of the vulnerability
factors derived from the literature review and four of the factors derived from
stakeholders’ perspectives are irrelevant to my case study. Of all the
stakeholders, JAMAL had the most divergent view on the meaning of several
factors. This was because the JAMAL representative considered factors such
as food availability to be an inevitable consequence of previous DRM. He
therefore considered that the factor was no longer needed as one of the
vulnerability factors. In another sense, the factor is still relevant for inclusion
as one of vulnerability factors in my case study. As a result, I weighted his
arguments as insignificant and did not reflect his suggestion to exclude the
factors from relevant vulnerability factors in my case study. This comment
occurred in five factors that are: food availability in an emergency situation,
government aid, availability of emergency facilities, early warning system and
land ownership. These types of responses can occur in a Delphi
Questionnaire as the technique does not filter out this kind of error. The main
purpose of Delphi is in inviting the broadest range of perspectives from a
variety of stakeholders so such errors may be identified. Therefore, the
technique for analysing the results of questionnaires should emphasise a
more qualitative approach. A good understanding of stakeholders’ arguments
can help to clarify the error.
The TAGANA suggested that his opinions in the second round had the same
results as the first round. He also believed that his first round responses were
the final results from him. Therefore, I assessed his comments based on his
first round results. Considering his first round result, some of the factors were
irrelevant to Centini Village such as food availability in an emergency situation,
government aid and infrastructure availability. To some extent, the iteration
process of the Delphi Policy may generate some anxiety for stakeholders.
Pushing stakeholders to be available for the second round may jeopardise
their answers. Therefore, looking back to the previous iteration became the
best solution for this error. It also occurred in the response from the Provincial
Disaster Risk Management Board representative due to the limited time he
could give to participating in this research study.
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Factors no. 30 and 31 have similar origins in land conversion from swamp
areas (wetlands) to paddy fields or residential areas. Therefore, I combined
them as a single factor for land conversion. In addition, the factor of
community attitude accommodated two other factors of community perception
and community knowledge as both can be seen as exerting influence on
community attitude. As a final result, I concluded that 29 vulnerability factors
were relevant for my case study about vulnerability to flooding in Laren
Regency, Lamongan, Indonesia.
Looking back to the classification of factors which were derived from literature
and stakeholders’ opinions, most of the factors from stakeholders focused on
the infrastructure6 approach to flood risk management. For example, factors
include swamp silting, drainage system improvement, river embankment
reconstruction and infrastructure redevelopment. This situation reflects the fact
that most stakeholders place more emphasis on infrastructural approaches
than non-infrastructural approaches. The infrastructural approach to flood
management has also been a long tradition of Bengawan Solo River
Management Board as explained in Section 4.2.
Based on the process above, there were 29 vulnerability factors for my case
study as set out in Table 5.4. There were six irrelevant vulnerability factors
from my preliminary factors and a further six irrelevant factors from my
proposed factors. Therefore, in total, 12 factors were not included in the final
vulnerability factors for my case study. In addition, one factor (land
conversion) comes from a combination of swamp silting and land conversion
from swamp to aquaculture.
6 Within the flood literature, this approach is understood as a structural approach while
a non structural approach is more about the managerial aspect such as land use
planning.
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Table 5.4 Final vulnerability factors for my case study. The factors covered
emphasise the dimensions of vulnerability in Section 2.5.
No Final Vulnerability Factors
1 Buildings/houses located ininundated areas
2 Variance of community economicsources
3 Attitude to disaster and disastermanagement
4 Community involvement indisaster management
5 Level of community trust in formaland informal leaders
6 Ownership of communicationmedia
7 Income
8 Family saving
9 Food availability in emergencysituation
10 Government aid
11 Social interaction in community
12 NGO involvement
13 Level of community collectiveness
14 Government readiness
15 Infrastructure availability
16 Accessibility
17 Availability of emergency facilities(e.g. boats, tents, public kitchen)
18 Inundated areas
19 Early warning system
20 Coordination
21 Government support
22 External support
23 Land ownership
24 Land conversion
25 Drainage system
26 River embankment reconstruction
27 Infrastructure redevelopment
28 Number of babies
29 Nutrition status
5.3 Defining Current and Proactive Adaptations for
Community Vulnerability Modelling
The main goal in vulnerability modelling in this research was to find the most
effective adaptations for reducing the future level of community vulnerability.
The most effective adaptations can be found by comparing the different gaps
between different levels of community vulnerability. The levels themselves are
represented by a set of three groups of indicators, consisting of: 1) number of
victims (died, hospitalised and evacuated), 2) damage/losses (house damage,
belongings and economic sources losses) and 3) period of time for recovery.
The possible different levels of community vulnerability were based on
different combinations of adaptations. The combinations among the
adaptations were determined by the selected scenarios for disaster risk
management (DRM). The adaptations can be classified in terms of the
disaster management cycle, that is, mitigation, preparedness, response and
recovery. The changes to the variables within the model based on the
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adaptations resulted in a variety of possible levels of community vulnerability.
The levels are indicated by different results on the vulnerability indicators.
Since the combinations of adaptations depend on the selected scenarios for
DRM, these scenarios should be determined first based on what could be
considered to be the most effective adaptations. There are two general
classifications of scenarios: enhancing current adaptations and integrating
current adaptations with new additional adaptations to support a more
integrated approach to DRM. The integration process may reduce the level of
community vulnerability in the future. As a result, community resilience in the
future will also be improved. A comparison between current and proactive
adaptations is provided in Table 5.5 at the end of this section.
5.3.1 Current Adaptations
Current adaptations are based on efforts currently undertaken to reduce
community vulnerability. Existing adaptations include any actions undertaken
by respondents and villagers to minimise the impacts of past floods.
Stakeholders' arguments in proposing vulnerability factors under the Delphi
Questionnaire process were used to identify their current adaptations because
some of the stakeholders’ responses referred to the kinds of actions that they
had undertaken in a recent flood event (2008 Lamongan Flood). Therefore,
the arguments from stakeholders in defining their responses to vulnerability
factors also reflected some of their existing adaptations.
Based on the information about current adaptations presented in Table 5.5
and at the end of Section 5.3, it is clear that they focus on emergency actions.
These actions are outlined in the following points:
1. Having no choice of house location and a low level of legal enforcement
of spatial planning provisions, villagers may construct an antru in their
house to allow them to escape the flood. An antru is a mezzanine floor
that creates a temporary two-storey house. The villagers build an antru
when they anticipate that the inundation height will be less than 1.5m.
Therefore, the villagers can still live in their houses during the flood event
by utilising the upper storey.
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2. ELSAP, an NGO, ran disaster training in 2009 for the villagers, but this is
not offered on a regular basis.
3. Early warnings of the coming flood are given to the head of the village
and other informal leaders. If the flood becomes a real threat to the
community, villagers take reactive actions to minimise the impact. The
reactive actions can be sounding the coming floods and verifying the
flood to the head of village, Bengawan Solo Board officers or
neighbours.
4. Some stakeholders and villagers make contact with aid donors after the
flood reaches their areas.
5. The Municipal Government allocates some funds, particularly for
rehabilitation and reconstruction, after impact assessment processes.
6. The Municipal Government allows and cooperates with both local and
non-local NGOs to participate in emergency situations.
7. The Municipal Government has formed the Implementing Unit for
Disaster Management. The unit focuses on coordinating the
government's actions in an emergency situation.
According to these actions, all the locals and municipal stakeholders such as
the Head of Centini Village, ELSAP, Head of Laren Regency and Red Cross
described the construction of an antru as the first action. It appears that this
action is one of the core characteristics of adaptation in the region. The
second action of disaster training was described in ELSAP documentation.
Section 4.5 provides an extended explanation of this action.
The third action is the unplanned early warning system in the village. When
the flood’s threat becomes real, some of the villagers receive information at
the early stage of the flood from other villagers who live upstream thus
‘sounding the alarm’ without the use of any fixed mechanism or instrument. In
addition, local officers also obtain information on the flood from the river
management board. Moreover, other municipalities, which are located
upstream, provide information to the downstream municipalities including
Lamongan Municipality. The informal warning of the coming flood is the
earliest action taken by the villagers and local government. The Head of the
Village of Centini and Head of Laren Regency explained that the warning
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process can follow a bureaucratic procedure, such as from the municipality
levels to the village levels. The information from Bengawan Solo River
Management Board is passed from the municipality level to the regency level
and then to the village level. On the other hand, some NGOs (JAMAL, ELSAP
and TAGANA) argued that warnings of the coming floods were not as
coordinated as suggested by those in the bureaucracy. Furthermore, the
Centini local leader (a member of the badan permusyawarahan desa which is
the village level of a ‘house of representatives) also opposed the views of
some other stakeholders who considered the warning process to be a
thorough procedure. The Centini local leader and NGOs considered the
warning process to be a reaction by any stakeholder to inform others of the
coming flood.
The fourth action involves contacting potential donors to send more disaster
assistance such as foods, medicines and tents. The donors’ contributions are
in response to actions initiated by local stakeholders and the spread of
information about the flood. The local government, through the Implementing
Unit of Disaster Management, encourages external and internal donors to take
action after the event reaches the area. Through bureaucratic arrangements,
the local government also asks the upper level of governments, provincial and
national, to contribute to flood risk management. This explanation came from:
1. The Head of Laren Regency
2. Municipality Safety Agencies and the Protection of the Public
(Bakesbanglinmas)
3. Health Agency
4. Municipality Development Planning Boards (Bappeda).
In addition, the NGOs also contact the donors through their networking. The
NGOs who support this argument are JAMAL, ELSAP and Director of Kidung
Rakyat. In addition, those two groups agree that the role of television media in
publicising the event increases the contribution of the donors.
Allocating some government funds for rehabilitation is the fifth current
adaptation. Government documentation of the procedure for assessing the
impacts of floods provides some evidence of this action. The majority of funds
94
are used for building programs such as infrastructure rehabilitation, and
redevelopment and assistance for housing reconstruction. The Head of Laren
Regency, Bakesbanglinmas and Bappeda explained that the document is
provided by the municipal government to the higher level of government
agencies such as Regional Disaster Management Board (BPBD) at the
provincial level and Ministry of Public Works at the national level.
The sixth action is coordinating NGOs to participate in an emergency situation.
Current actions of NGOs are not normally integrated with government
activities. In the case of a flood emergency, some coordination occurs, but is
generally at a technical level such as in collecting and organising disaster
relief assistance, and conducting search and rescue activities. Both local and
outside stakeholders, excluding the BPBD, support these coordination
initiatives as the sixth adaptation.
Previous disaster organisation in Lamongan Muncipality involved the
Implementing Unit for Disaster Management (Satlak PB) as the last action of
stakeholders. The characteristics of the unit are provided in Section 4.2.
Although the implementing unit was formally established well before the last
flood event, its main actions involved coordinating emergency management.
Therefore, this adaptation is still classified as adaptation in an emergency
situation.
Besides these current adaptations, four activities, not usually associated with
DRM, can also benefit the community in minimising the impacts of flood. Since
these activities have roles in minimising the impacts, I consider that these
activities should be regarded as future adaptations to minimise community
vulnerability levels for the purpose of my research. There are five main
activities which help to minimise the impact of floods in Laren Regency as
follows:
1. Government programming and budgeting in Bengawan Solo River
management from sectoral agencies such as the Public Works Agency
for building and maintaining the river embankment infrastructure.
95
2. The community health centre holds a regular session to educate
households about public health issues, particularly relating to maternal
and child health.
3. The community automatically applies social sanctions to the villagers
who avoid being involved in flood risk management.
4. Due to the annual flood, villagers combine their main source of income
with others. For example, some paddy field farmers combine their rice
field with aquaculture. When the villagers have no savings, most will
regularly catch fish in swamp areas to fulfil their daily needs.
From the stakeholders’ descriptions of the response to the 2008 Lamongan
Flood, there are five types of regular actions which can benefit the community
in minimising the impacts of floods. First, the government focused on an
infrastructural approach to manage the flood risk through budgeting and
programming for actions by public works agencies. The majority of these
programs concern construction and maintenance of river embankments, and
drainage structures. Secondly, the community health centre, in particular the
maternal and child health service, is one of the regular national programs.
Although it is not specifically concerned with responding to flood hazards, the
effect of this program helps to reduce the impacts of a flood on villagers. The
Health Agency representative outlined these actions in connection with his
arguments about the significance of nutrition status and the number of babies
in a community that are vulnerable to disaster.
The third action is social pressure. The pressure is applied to the passive
villagers in flood risk management and other community issues. The Head of
Centini Village explained the social pressure in proposing community
involvement in flood risk management. It was also one of the arguments from
the Centini local leader. Social pressure can be a form of community
exclusion.
The fourth action is response to the annual flood. To fulfil villagers’ daily
economic needs, farmers consider modifying their planting systems,
particularly for paddy fields. The annual flood usually inundates their fields
resulting in unplanted land for paddy cultivation. Therefore, villagers combine
the paddy field with kenaf plantings and, some of them, with aquaculture.
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Consequently, the villagers can still earn some money even though their fields
are inundated. This adaptation indicates the importance of having alternative
sources of income, in particular when the flood inundates their land. In
addition, ELSAP, a local NGO, strongly criticised the lack of concern from
government in creating job opportunities for villagers, particularly in a flood
situation. Since a flood is a cyclical event in the area, the local NGO put
forward an agenda of finding a better way of maintaining villagers’ daily
income. In terms of combining paddy fields with kenaf production, ELSAP,
Head of Centini Village, Local Leaders and Head of Laren Regency explained
the villagers' routine practice. All the locals support this action as one of the
activities to maintain their daily income.
From all the seven current adaptations to floods and the four regular activities,
the main emphasis currently is on emergency actions. The key actions occur
after the threat of a coming flood becomes real. In addition, only the first action
in the four regular activities is specified to the flood responses. The other
actions are driven by their responses to the normal way of living in their
village. These inputs can still benefit the model especially in capturing the
reality in the model structure. Therefore, combining those two sources of
villagers’ actions and activities will result in the whole picture of the current
adaptations to floods in Laren Village.
In particular for building the model, I examined those adaptations above as the
current adaptations under the response stage of the disaster management
cycle. These current adaptations will be incorporated into building the model to
represent the current situation. Therefore, the current model will be based on
several actions as follows:
1. Making an antru, a mezzanine floor that creates a temporary two-storey
house. The villagers build an antru when they anticipate that the
inundation height will be less than 1.5m.
2. Running disaster training after the extreme flood in 2008. ELSAP, an
NGO, ran disaster training in 2009 for the villagers, but this is not offered
on a regular basis.
3. Contacting the head of the village and other informal leaders through
early warning systems after the flood threat is real.
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4. Making contact with aid donors after the floods reach their areas.
5. Allocating funds by the Municipal Government, particularly for
rehabilitation and reconstruction after impact assessment processes.
6. Cooperating with NGOs (local and non-local) in emergency situations by
the Municipal Government.
7. Forming an Implementing Unit for Disaster Management by the
Municipal Government. The unit focuses on coordinating the
government's actions in an emergency situation.
8. Government programming and budgeting for building and maintaining
the river embankment infrastructure.
9. Increasing maternal and child health service by the Community Health
Centre.
10. Putting pressure on villagers who avoid participating in flood risk
management through community social sanctions.
11. Diversifying villagers’ sources of income to fulfil their daily needs.
5.3.2 Proactive Adaptations
Proactive adaptations are derived from assessing other relevant adaptations
toward the vulnerability factors. The focus of the proactive adaptations is on
the integrated actions of flood risk management compared to the first
scenario, which emphasises emergency management. The fifth column in
Table 5.5 identifies relevant and recommended adaptations. Because there is
little experience of proactive adaptations between community stakeholders, I
recommend eleven adaptations to respond to each of the final vulnerability
factors. Some of these proposed adaptations are from outside of my case
study and the literature reviewed. The eleven proposed proactive adaptations
can be justified and classified as follows:
1. Spatial Plan Implementation including reforestation, relocation, better
house construction and better infrastructure.
2. Economic development programs including cash transfer programs,
provision of aid to recover income through insurance mechanisms,
creating alternative sources of income and increasing the level of income
of the villagers.
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3. Proactive community actions including regular community meetings,
building a strong network and changing the form of the responsible
board for disaster management
These adaptations cover the management cycle for disaster risk management,
as shown in Table 5.5. Therefore, the following discussion will be focused on
the eleven adaptations.
The first four adaptations are in the spatial plan implementation group that are
reforestation, relocation, better house construction and better infrastructure.
The spatial plan implementation involves controlling land use. The land use
control will regulate the mix of built-up areas and open space both in upstream
areas and in LC-10 and will also prevent buildings and houses being located
on risky land or in potentially inundated areas. The building code within the
spatial plan will regulate the appropriate types of buildings for the area. In
addition, the spatial plan will also allocate appropriate infrastructure to support
villagers’ livelihoods. As a result, the spatial plan can be used not only in the
mitigation stage but also in the preparedness and response stages. The value
of spatial plans in mitigating the impact of hazards has been argued by
scholars such as Biesbroek et al. (2009); Fleischhauer (2008); Dewan et al.
(2007); and Billa & Shattri (2006).
The next group of adaptations relate to an economic development program
that includes cash transfer programs, insurance mechanisms, alternative
income and increasing productivity. The Indonesian national government has
initiated the cash transfer program for low income families (Iqbal, 2008).
Insurance has been identified as one of the more effective tools in disaster risk
management (Atmanand, 2003). Insurance can be a form of private insurance
or a partnership between government and private insurance, especially for the
insurance for low income earners (such as in Kousky & Kunreuther,  2009;
Kron, 2009; Hofman, 2007; and Atmanand, 2003). The importance of
alternative sources of income, particularly during an emergency situation, is
outlined by one of the ELSAP leaders, the local the NGO. Kenaf planting is
one of the alternative sources of income particularly in the inundated swamp
areas. Since the majority of people in the community rely on a day-to-day
income source, the villagers often experience a shortage between income and
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expenditure, particularly in emergency situations. This means that saving is
not feasible for the majority of villagers. Therefore, creating alternative sources
of income will be expected to increase villagers’ economic stability. The last
adaptation in the economic development program is to increase the level of
income by increasing the villagers’ productivity. The increase of productivity in
the farming system is one of the more effective ways of enhancing villagers’
standard of living (Rayhan & Grote, 2010; Patil etal., 2009; Ibrahim et al.,
2009).
Lastly, proactive community actions include community meetings, social
networking, and better government responses. In community meetings, the
intense interaction among villagers will help to increase the social capital of a
community as suggested in Reimer et al. (2008); Jones et al., (2008); Wagner
(2008); Godoy et al., (2007); and Haan (2001). Since disaster usually disrupts
local livelihoods, the networks between communities and outsiders become
significant. Strengthening networking will play a key role in connecting
outsiders’ resources with the local community. Therefore, the network will also
enhance the quality of social capital in a community (Cook, 2005 and
Baerenholdt and Aarsaether, 2002).  The last action in this group is a better
government response. This action has been a major concern for the
stakeholders.
In conclusion, under the scenarios of proactive adaptation, I will focus on the
eleven adaptations, as follows:
1. Reforestation
2. Relocation
3. Better house construction
4. Better infrastructures
5. Cash transfer program
6. Insurance mechanisms
7. Alternative source of income in emergency situations
8. Increased income levels
9. Regular community meeting
10. Building strong networks with outsiders
11. Better format for municipal disaster management board
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Those eleven adaptations will be individually tested by applying them in the
current model. The tests will result in measures of the effectiveness of
adaptations in reducing the current vulnerability level. The same set of
adaptations will also be tested for a future scenario by applying them in a
future model under a predicted climate change scenario for 2040-2060. These
assessments will also result in measures of the effectiveness of adaptations
for 2040-2060. The comparison and discussion of those two sets of results will
provide indications for how the community can enhance their resilience in the
future.
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Table 5.5 Comparison between current adaptations and proactive adaptations. The majority of current adaptations are in the
responses stage of disaster risk management (DRM) cycle. It indicates that current actions of villagers are on a reactive
basis. Therefore, the proactive adaptations are suggested to be pre-emptive in responding to floods. Proactive adaptations
cover four stages of DRM suggesting proactive actions.
No Final Vulnerability Factors
Current  Adaptations Proactive Adaptations
Adaptations DRM Cycle Adaptations DRM Cycle
1 Building/house location ininundated areas Making an antru Responses Relocation
Mitigation, preparedness
and responses
2 Variances of communityeconomic sources
Multiple jobs in a
household Not specified in DRM
Alternative sources of income
in emergency situation Mitigation and recovery
3 Attitude to disaster anddisaster management Training run by NGO
Preparedness but not
on regular basis
Regular community meeting
and building strong networks
Mitigation, preparedness,
responses and recovery
4 Community involvementin disaster management
Social pressures,
warnings of the coming
flood and contacting key
persons
Responses Regular community meetingand building strong networks
Mitigation, preparedness,
responses and recovery
5
Level of community trust
to formal and informal
leaders
No specific actions in flood
risk management Not specified in DRM
Regular community meeting,
building strong networks and
better format of disaster board
Mitigation, preparedness,
responses and recovery
6 Ownership ofcommunication media
No specific actions in flood
risk management Not specified in DRM
Regular community meeting,
building strong networks,
better format of disaster
board, alternative source of
income and increase in
income level
Preparedness and
responses
7 Income Combining paddy fieldwith kenaf production Not specified in DRM
Insurance, alternative source
of income and increase in
income level
Mitigation and recovery
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No Final Vulnerability Factors
Current  Adaptations Proactive Adaptations
Adaptations DRM Cycle Adaptations DRM Cycle
8 Family saving No specific actions in floodrisk management. Not specified in DRM
Cash transfer program,
insurance, alternative source
of income and increase in
income level
Mitigation and recovery
9 Food availability inemergency situation
Contacting potential
donors when the flood hits
the areas
Responses Strong networking and betterdisaster board
Preparedness and
responses
10 Government aid
Allocating some budgets
after impact assessment
processes
Responses Better disaster board Responses and recovery
11 Social interaction incommunity
No specific actions in flood
risk management Not specified in DRM
Community meetings and
strong networking
Mitigation, preparedness,
responses and recovery
12 NGO involvement
Allowing NGOs to
participate in emergency
situations
Responses Strong networking and betterdisaster board
Mitigation, preparedness,
responses and recovery
13 Level of communitycollectiveness
No specific actions in flood
risk management Not specified in DRM
Regular community meeting,
building strong networks and
better format of disaster board Mitigation, preparedness,
responses and recovery
14
Government readiness
consists of:
Form Implementing Unit
for Disaster Management
which limits coordinating
actions in emergency
situations.
Responses
Regular community meeting,
building strong networks and
better format of disaster board
Mitigation, preparedness,
responses and recovery
a. gov’t coordination
b. gov’t programs
c. gov’t capacity
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No Final Vulnerability Factors
Current  Adaptations Proactive Adaptations
Adaptations DRM Cycle Adaptations DRM Cycle
d. gov’t campaign
e. gov’t policies
15 Infrastructures availability Government budgetingand programming
Mitigation and
recovery Better infrastructure program Mitigation and recovery
16 Accessibility Government budgetingand programming
Mitigation and
recovery
Better infrastructure, better
disaster board, and social
networking
Mitigation and recovery
17
Availability of emergency
facilities (e.g. boats, tents,
public kitchen).
Government budgeting
and contacting potential
donors
Responses Better disaster board andsocial networking
Preparedness and
responses
18 Inundated areas No specific actions in floodrisk management Not specified in DRM
Reforestation and better
infrastructure
Mitigation, preparedness
and responses
19 Procedures of earlywarning system
Early warning sign has
been delivered following
the bureaucratic
arrangement
Responses
Regular community meeting,
building strong networks and
better format of disaster board
Preparedness and
responses
20 Coordination Form Implementing Unitfor Disaster Management Responses
Regular community meeting,
building strong networks and
better format of disaster board
Mitigation, preparedness,
responses and recovery
21 Government support Rehabilitation andreconstruction Recovery
Better disaster board to
provide better government
services
Mitigation, preparedness,
responses and recovery
22 External support Provide disasterassistance. Response
Better disaster board which
incorporates external support
Mitigation, preparedness,
responses and recovery
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No Final Vulnerability Factors
Current  Adaptations Proactive Adaptations
Adaptations DRM Cycle Adaptations DRM Cycle
23 Land ownership No specific actions in floodrisk management Not specified in DRM Better disaster board
Mitigation, preparedness
and responses
24 Land conversion
No specific actions in flood
risk management.
Conversely, a large open
space has been converted
into aquaculture.
Not specified in DRM Reforestation Mitigation, preparednessand responses
25 Drainage system Government budgetingand programming
Mitigation and
recovery Better infrastructure Mitigation and recovery
26 River embankmentreconstruction
Government budgeting
and programming
Mitigation and
recovery Better infrastructure Mitigation and recovery
27 Infrastructureredevelopment
Government budgeting
and programming Recovery Better infrastructure Recovery
28 Number of babies Community healtheducation and services Not specified in DRM - Not specified in DRM
29 Nutrition status Community healtheducation and services Not specified in DRM - Not specified in DRM
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CHAPTER 6
BUILDING A MODEL OF COMMUNITY
VULNERABILITY
6.1 Introduction
In understanding community vulnerability to flooding, it is necessary to develop
a model which incorporates characteristics of community dynamics. This
needs to include characteristics of community vulnerability interacting within a
dynamic system. Within a community, the model should consider four
dimensions of community vulnerability: specific community, three layers of
society, community capacity and dynamic-systemic situations (see Table 2.3).
As explained in Section 2.5, system dynamic modelling requires
interconnections to be identified between the variables in the model. In the
context of the model, adaptation is represented by a set of changed variables.
One aspect of this is identifying causal relationships between variables that
reflect the interactions between vulnerability factors and indicators (as shown
in Figure 3.5). The community vulnerability model therefore has to consider
key community characteristics that influence community response to a flood
event.
The process of building a model of community vulnerability has six steps.
These steps, which account for characteristics associated with both
community vulnerability and the system dynamics, are:
1. Use final vulnerability factors and current adaptations, resulting from
the analysis presented in Chapter 5, to direct the process of model
building.
2. Establish vulnerability indicators to represent the vulnerability level
(victims, damage/losses and recovery), as framed in Section 2.6.
3. For key vulnerability indicators specify several measurable sub
indicators.
4. Include relevant factors and indicators as the main variables in the
model and identify changes to these associated with specific
adaptations. The interaction between variables is derived by using a
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systemic process to model the behaviour of variables within the
community setting. The model will be constructed in two forms: Causal
Loop Diagram (CLD) and Stock and Flow Diagram (SFD).
5. Analyse the results of semi-structured telephone interviews to
understand the interactions within the community’s sub systems.
Some additional variables will be suggested to represent the
community’s characteristics.
6. Value the relationships between two or more variables by making
formulae:
a. Relationships between two or more quantitative variables are
formulated by relating the mental model to the real decision-
making process. Therefore, following up the processes in relation
to real situations of decision-making is the main step in defining
formulations between two or more quantitative variables.
b. Relationships between two or more qualitative variables are
formulated by drawing links between variables and key concepts
identified through a grounded theory analysis of the 12 informants’
interviews (Luna-Reyes & Anderson, 2003). Sets of performance
indices are used to value the links between variables and key
concepts.
c. In checking the validity of formulations, there will be six main tests
before making any simulations. These are 1) model structure test,
2) unit check analysis, 3) model parameter test, 4) boundary
adequacy test, 5) extreme condition test and 6) replication
behaviour test.
Chapter 6 will mainly discuss the process for building the CLD and the SFD. It
will also explain how measurements of vulnerability indicators are derived and
the process for validation of the model.
6.2 Causal Loop Diagram (CLD) of community
vulnerability to flooding in Centini Village
The CLD assists in understanding the models as a global picture (or a quick
view) of relationships between key variables. The key variables are a group of
vulnerability factors and indicators. CLD explains the conceptual feature of the
107
model and shows the relationships between key variables. The relationships
are illustrated by the arrow connecting one variable to others. Within the
arrows, there are two indicators that are positive and negative indicators. The
positive indicators in the head of arrows indicate proportional relationships
between variables while the negative indicators reflect the inverse
relationships.
The three main inputs for building a CLD of community vulnerability in my case
study are vulnerability factors, indicators and current adaptations. The
vulnerability factors provide the key variables causing the level of vulnerability.
Indicators represent the level of vulnerability within my modelling context. In
addition, my research attempts to make an assessment of the effect of
adaptations on the level. Consequently, the vulnerability modelling will
incorporate the findings of current adaptations from Chapter 5. The current
adaptations will be used to shape the modelling process so as to reflect the
current situation within the community setting. Figure 6.1 constructs the CLD
of community vulnerability.
The CLD can be described as follows: vulnerability as the centre of CLD will
be measured by three main variables: victims, damage/losses and
recovery. Since the recovery is derived using indicators for the number of
victims and damage/losses, the variable of recovery is influenced by the
number of victims and damage/losses. Moreover, the variables which are
associated with savings, average costs of damage, responses, and inundated
areas and height will also affect the recovery process. The variables related to
savings will be the result of interaction between the variance of the economic
source, income and spending variables. The variables influencing the victims
are a set of variables related to population number, number of villagers in
inundated areas, number of villagers with chronic diseases, number of babies,
number of elderly people, responses and inundation areas and heights. For
the last indicators, damage/losses, the main influential variables are those
related to house location, house construction types, land conversion,
responses and inundated areas and height. Since the variable related to
inundated areas and height plays a key role in my model, the variable is
affected by the flood scale.
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The variable related to the flood scale is determined as the result of
interactions between the variables related to rainfall, built up areas,
embankment constructions, drainage system, topography and swamp area.
Based on the CLD presented in Figure 6.1, seven sub models will be
discussed that show the results of variable interactions. First, the Flood Sub
Model (Section 6.2.1) used to depict the inundation characteristics will be
discussed. Second, the Victim Sub Model (Section 6.2.2) will be used to
assess the impacts of flooding on the villagers in terms of numbers evacuated,
hospitalised and fatalities. Third, the Responses Sub Model (Section 6.2.3) will
depict the stakeholders’ and villagers’ current responses to managing floods.
Fourth, the Housing Sub Model (Section 6.2.4) will examine the representation
of the large picture of damage/losses in the villages. Fifth, the Savings Sub
Model (Section 6.2.5) will determine the saving pattern of the villagers based
on their groups of income and occupation types. Sixth, the Income Sub Model
(Section 6.2.6) will assess the pattern of villagers’ income for all types of
households. The seventh is the Spending Sub Model (Section 6.2.7) which will
examine the pattern of community members in their daily expenditure,
productive expenditure and the other expenditures due to flooding. Those
seven sub models will be discussed in the following sub section.
6.3 Stock and Flow Diagram (SFD)
The Stock and Flow Diagram (SFD) will assess thoroughly a causal loop
diagram (CLD) to represent the detailed processes affecting community
vulnerability to flooding in my case study. Grounded theory (as explained in
Section 6.1) is also used to understand the detailed relationships between
variables. Moreover, the relationships in SFD will be represented by specific
formulae. Therefore, SFD can be simulated to assess the impact of changes
to some variables on others.
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Figure 6.1 Causal Loop Diagram of Community Vulnerability Model. The model consists of seven sub models. Each sub model is interlinked with other
sub models in mimicking the reality of my case study.
Note: Seven colours indicate seven sub-models. Xxx Flood Sub Model, XXX Responses Sub Model, XXX Victims Sub Model, XXX Housing Sub
Model, XXX Expenditure Sub Model, XXX Savings Sub Model,XXX Income Sub Model. The positive arrows represent proportional
relationships while the negative arrows represent inverse relationships.
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The SFD is initially built by using the final vulnerability factors (in Chapter 5)
and indicators of vulnerability (in Chapter 2). The initial SFD is verified by
exploring the key informants’ comments in the semi-structured interviews. In
the interviews, I uncover additional variables to reflect the real system.
Moreover, the interviews also have some ideas for building the formula among
variables. The verification process of SFD model is a cyclical process between
the mental model and the real system as seen in Figure 3.5 . Therefore, the
semi-structured interviews to key informants were conducted several times
depending on the need for additional information. Since there is uncertainty in
the model outputs, I ran the model using 1,000 iterations (limited by
computational power).
Figure 6.2 Key terminologies in SFD. SFD is simply understood as a
comprehensive figure of a model.
Notes: 1 = Stocks are represented by variables in rectangles suggesting
a container holding the materials of the stock.
2 = Inflows are represented by a double pipe (arrow) pointing into
(adding to) the stock. It shows materials moving from one
stock into another stock.
3 = Outflows are represented by pipes pointing out of
(subtracting from) the stock. It shows materials moving out of
one stock into another stock.
4 = Rate controls the flow of materials. The information (variables
A and B) influences the rate of flow.
5 = Clouds represent the sources and sinks for the flows.
6 = Variables represent any key information that influences the
movement of materials through the stock and flow diagram.
7 = Single arrow indicates the influence of key information on
other variables or rates.
8 = Variable C represents the invisible variable.
Within SFD, Figure 6.2 explains some key terms in the modelling process. In
addition, invisible variables interconnect all the sub models. This means that
they are derived from other sub models. The lighter coloured variables in the
R R
4
7 6
1
2 3
4 7
6
Stock
rate A rate B
variable A
variable B
<variable C>
8
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model structure diagrams indicate the invisible variables. In Figure 6.2 the
variable C represents the invisible variable.
The following sub sections will discuss building the SFD for each sub model.
Each of sub sections explains the detailed model structures, in terms of key
informants’ arguments and the model’s formulae. A complete compilation of
key informants’ arguments is provided in Appendix X, a complete list of
variables per sub models is also provided in Appendix XI and the full formulae
can be accessed in the actual model (in CD pack – Appendix XII).
6.3.1 Flood Sub Model in community vulnerability
modelling
Since administrative boundaries are not generally relevant for modelling the
hydrological process of a flood, the only boundaries used in this sub model are
the bio-regional administrative boundaries for the Bengawan Solo River
catchment. LC-10 Sub-Sub Catchment (Figure 6.3) provides the boundaries of
my case study since it includes Centini Village as one of the villages within
that catchment. It has 13,700 ha under the name of DAS LC-10 based on
CDMP, 2001 (Appendix IX).
Having considered comments from five key informants (Irrigation Agency, Solo
River Board, Head of Village, ELSAP and Informal Leader), the Flood Sub
Model is now proposed (Figure 6.4). The stocks’ variables in the Flood Sub
Model are Bengawan Solo River Volume in LC-10, Flood Volume in LC –
10 and the Volume Capacity of Jabung Swamp Areas. The flowing material
in vensim terms7 within this sub model is water. It means that the water flows
from the river to the plains or Jabung Swamp Area and/or the other way
around.
7 Within the vensim language, the variables in the box represent the stocks. Every
stock contains materials that flow from one to others through the rate. The rate is
symbolised by a valve that can regulate the amount of material flowing. The rate
itself is influenced by the information (the variables without the box).
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Figure 6.4 Flood Sub Model structure
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Based on its hydrological characteristics, the water flows from Babat Station to
the Plang Wot Station (downstream). The Babat Station is the nearest gauging
station for my case study to represent the accumulated water from upstream.
Plang Wot Station is the first gauging station after Babat Station and still
covers the whole of LC-10 (see key informant’s comment in Appendix X.1).
The main input of water in my case study is water discharge from the Upper
Bengawan Solo Basin and local rainfall in LC-10 Sub-Sub Catchment. The
discharge from upstream is a run-off from rainfall upstream. The amount of
flowing water on the ground (run-off water8) will follow the rational equation
formula9. Each land use type will have different coefficient ratios of infiltration.
Therefore, the formula will be:
Water discharge from upstream = Weekly rainfall in
upstream*((Paddy fields*0.3)+(Forest areas*0.05)+(Lake
areas*0.1)+(Aquaculture areas*0.25)+ (Residential areas*0.37))
Furthermore, local rainfall will flow to Jabung Swamp Area before reaching the
river (see key informant’s comment in Appendix X.1). The same principle for
Weekly Water Discharge from Upstream will be applied for Weekly Water
Discharge from LC-10. Therefore, the formula will be:
Water discharge from LC-10 = "Weekly average rainfall in LC-
10"*((Build up areas in LC – 10*0.375)+(Open space in LC –
10*0.175))
The flood in my case study can result from spillover from both the Bengawan
Solo River and the Jabung Swamp Area. In the case of spillover from the river,
the flood logically occurs when the water level in the river is higher than the
embankment height. The formula reflects this condition in the actual model.
Due to the lack of flood data in Centini Village, the main information used to
capture the flood characteristics is from the stakeholders’ comments. To
validate the information, I used water levels in Appendix XIII and compare it
with the model outputs. Further information on this comparison is dicussed in
8 The hydrological literature explains that some of the rainfall will infiltrate the ground
while the remainder will flow along the ground to the lower areas. The flowing water
is surface run-off (or simply ‘run-off’).
9 The rational equation formula for run-off is a basic formula for defining the peak
water discharge (Q) through the use of data for the run-off coefficient (c), rainfall
intensity (i) and drainage areas (A). The formula is Q = ciA.
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Section 6.5. Moreover, the monthly rainfall data from Bengawan Solo River
Board for the past 20 years were utilised to increase the reliability of flood
estimates.
When the water level is normal in the main river, the local rainfall is collected
in Jabung Swamp (see key informant’s comment in Appendix X.2 and
Appendix X.4). Then, the water will flow from Jabung Swamp Area to the river
(see key informant’s comment in Appendix X.3 and Appendix X.4). As a
consequence, in the case of water level increases in the Solo River when
Jabung Swamp Area is full, the water will flow to the villages causing a flood
(a reverse direction of water in Figure 6.5). Those conditions become a
prerequisite for water flowing from the swamp to the plain. In the model, I
represent this flowing water with the variable of Weekly Water Discharge to
the Plain from the River, as formulated in the actual model.
Based on the flood characteristics above, the local topography in LC-10 is one
of the key variables in determining the impact of a flood. Regular floods occur
only in some of the lower parts of the village, particularly those which are close
to Jabung Swamp Area (see key informant’s comments in Appendix X.5,
Appendix X.6 and Appendix X.7). As a consequence, within my model, the
village will be divided into nine areas based on their topography from 4 m to
143 m above sea level. The nine areas are the main locations for residential,
paddy field and aquaculture areas. Therefore, the villagers who live in the
lower areas are at a greater risk of regular flooding.
In terms of large scale floods, most of the key informants indicated that the
floods in the years 1968, 1995, 2007 and 2008 were on different scales to the
annual floods in other years (see key informant’s comments in Appendix X.8,
Appendix X.9 and Appendix X.10). Therefore, we can conclude that those
floods are the largest experienced by Centini Village.
An even worse situation is the probability of the embankment collapsing along
the Bengawan Solo River. This happened in the 2007 and 2008 floods.
Therefore, a collapsed embankment is identified as a highly significant factor
(see key informant’s comment in Appendix X.11).  The probability of collapse is
high because the embankment is built for only Q-10 (10 year flood cycle) (see
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key informant’s comment in Appendix X.12). Floods like that experienced in
2008 are thought to result from a 135 yearly flood cycle (Q-35) (see key
informant’s comment in Appendix X.13). The effect of the embankment
collapsing is to reduce the river’s capacity to accommodate water. In
consequence, the water flows out to the plain causing the worst type of
flooding (see key informants’ comments in Appendix X.14 and Appendix X.15).
There is a probability of collapse once in a year when the water height in the
river is more than 65% of the embankment height. Flooding due to a collapsed
embankment will last for about one week. It is assumed that the stakeholders
can repair the embankment within one week either temporarily or permanently.
The formula to represent this is:
Probability of embankment collapsing = (PULSE TRAIN(1,
duration of embankment collapse, RANDOM NORMAL(1, 20*48 ,
1*48 , 48 , 0 ), 1000))*IF THEN ELSE (actual water
level>embankment height*percentage, 1, 0)
Based on the three types of floods, the annual floods, the large scale floods
and the flood due to a collapsed embankment, the volume of water will spread
from the lowest to the highest land. The main assumption is that the water will
fill up the area starting with the lowest elevation and progress to the highest.
This is represented in Figure 6.5 which shows that the flood will flow from the
middle area to the surroundings including Centini Village. In the case of
embankment collapse, the water will flow directly to the middle, and then it will
progressively inundate the area from the lowest to the highest elevation. The
calculation for the spread of flood water finds out the extent of the inundated
areas and the height of flood waters within my case study. These two scales
of inundated areas and flood water height provide one of the input variables
for other sub models.
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6.3.2 Victims Sub Model in community vulnerability
modelling
The inundation pattern in Section 6.2.1 results in the number of villagers
affected in terms of Number of Deaths, Number of Evacuated Villagers,
Number of Villagers with Minor Health Problems, Number of Impacted
Villagers and Number of Villagers with Chronic Diseases. These kinds of
impacts are discussed in the Victim Sub Model. Figure 6.6 provides the
calculation for these types of impacts of flooding. The key informants in
building the sub model are from TAGANA, Head of Village, Informal Leader,
Social Agency, and ELSAP.
Within this model, the stock variables are Number of Villagers who Stay at
Home, Number of Evacuated Villagers and Number of Villagers with
Chronic Diseases. The flowing material in this model is villagers. It shows
that villagers migrate from one place (home) to other places such as
evacuation centres. Since the villagers with chronic diseases will not be
always hospitalised, the Number of Villagers with Chronic Diseases will
only indicate the status of villagers. The villagers with chronic diseases will be
evacuated not only to the hospitals but also to their relatives (see statements
by key informants in Appendix X.33)
In discussing victims of flooding, the variable of Number of Villagers who
stay at Home should be defined first. The number of villagers will be
influenced by both natural increase and migration rate. The natural increase is
a combination between the variables of Number of Weekly Annual Births
and Number of Weekly Annual Deaths. Furthermore, migration, both in and
out (represented by the variables of Average In-migration Per Week and
Average Out-migration Per Week), can also influence the number of
villagers. Therefore, the interaction between those variables will reflect the
dynamic of population size in Centini Village.
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Figure 6.6 Victims Sub Model
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When the flood reaches the area, numbers of people migrate temporarily from
their home (Number of Villagers who stay at Home variable) to the
evacuation centres (Number of Evacuated Villagers variable) (see key
informants’ comments in Appendix X.16, Appendix X.17, Appendix X.18 and
Appendix X.19). When the inundation height is below 1.5 m most villagers
remain in their houses (as per key informants’ comments in Appendix X.20).
Since villagers live in topography up to 6 m, the actual inundation height
should be around 3.5 m from the lowest topography in LC-10 (4 m).  This
means that when the inundation height reaches 3.5 m, the flood will inundate
villagers’ houses located in topography up to 6 m by about 1.5 m. Therefore,
at that point, the villagers will be evacuated to higher ground. The complete
formulae for an evacuation process are represented by the variables of
Number of Evacuated Villagers and Weekly Number of Evacuated
Villagers from Home in the actual model.
In terms of the deaths indicator, some of the villagers may die in their houses
immediately, others may die during evacuation and yet others may die from
being infected by chronic diseases both in the evacuation shelter and at home.
Since there are various causes of death that result in a small number of
deaths, I prefer to use a probability value to represent indefinite causal factors
(see key informants’ comments in Appendix X.21 and Appendix X.22). The
main variables influencing the probability of deaths are influenced by the
number of villagers in different situations (such as the variables of Number of
Villagers who stay at home, Number of Villagers who are Evacuated and
Number of Villagers with Chronic Disease) and the variable of Inundation
Height in Centini Village. The complete formulae to define the number of
deaths are represented by the variables of Number of Deaths at Home,
Deaths during Evacuation and Number of Deaths due to Chronic
Diseases in the actual model.
The numbers of villagers who stay at home and are evacuated are also used
as an input variable in determining the villagers with minor health problems.
These include colds, skin irritations and stomach pain. Some of the villagers
are affected by these minor health problems due to age, weather conditions
and cleanliness of the area (see key informants’ comments in Appendix X.23-
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30). They usually see the doctors both in the emergency health centre and the
village health centre but they return home the same day (see key informants’
comments in Appendix X.31 and Appendix X.32). A complete formula for the
variable of Number of Villagers with Minor Health Problems is in the actual
model.
For the variable of Number of Villagers with Chronic Diseases, the variable
can be influenced by the variables of Weekly Number of Villagers with
Chronic Disease at Home who Get Infected and Number of Villagers with
Chronic Disease in Evacuation Shelters who Get Infected. Both these
variables are influenced by similar factors that determine the number of
villagers with chronic diseases whose condition worsens during a flood. They
are variables of Availability of Emergency Facilities, Inundation Height in
Centini Village and Percentage of Villagers with Chronic Disease to the
Total Number of Villagers (see key informants’ comments in Appendix X.33,
Appendix X.34 and Appendix X.35). The formulae of all these variables are in
the actual model.
The key variables influencing the status of victims from one stock to another
are the variables of Food and Medicine Availability in Emergency
Situation, Availability of Emergency Facilities and Inundated Height in
Centini Village (see key informants’ comments in Appendix X.36 and
Appendix X.37). These variables reflect current adaptations of the villagers.
The formulae for variables of Weekly Number of Villagers Returning from
Evacuation and Number of Villagers Who Recover from Chronic
Diseases are in the actual model.
Within the Victims Sub Model presented in this section some of the factors are
influenced by the effectiveness of the flood responses. Therefore, the next sub
model to be presented is the Responses Sub Model.
6.3.3 Responses Sub Model in community vulnerability
modelling
Based on the explanation in Section 6.2.2 for the Victims Sub Model, some of
the variables related to disaster risk management which have an influence on
the Victims Sub Model are:
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1. Early Warning System Procedures
2. Communication Intensity
3. Attitude to Disaster and Disaster Management
4. Food and Medicine Availability in Emergency Situation
5. Availability of Emergency Facilities
6. Lamongan Municipal Government Programs
In the Responses Sub Model, all of the variables are qualitative variables that
require a different approach to establishing the formulae compared to
quantitative variables. To establish the formulae, I used the relationship
between variables to identify a set of variables that influence a dependent
variable. All the variables in one relationship are parameterised by setting up
their performance indexes with a score of 1 as the lowest and 5 as the best.
Then, a combination of influential variables will be represented using if/then
equations. The complete set of combinations among all qualitative variables is
in the actual model. Within this section, I will represent the combination
between qualitative variables by showing the Causes Tree10 of the variables. A
cause tree illustrates the influential variables’ relationships.
Since there is no well-planned disaster risk management in my case study a
systemic process cannot be clearly identified in the current adaptations.
Therefore, in building the Responses Sub Model, I consider the two main
information sources to be logical thinking processes and some input from the
results of interviewing. Figure 6.7 shows the Responses Sub Model’s
structure.
Although there is debate about the existence of an Early Warning System
(EWS), some means of passing on information about a coming flood exists
(see key informants’ comments in Appendix X.38, Appendix X.39 and
Appendix X.40). The head of the village considered this to be a systemic EWS
while others simply described it as reactive actions.
10 In Vensim, a Causes Tree is a graphic representation of a model’s structures to
show the set of variables that influence the specific variable of interest.
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Two influential variables for the effectiveness of the Early Warning System are
the variable of Community Participation in Disaster Management and
Level of Community Trust to Formal and Informal Leaders (see key
informants’ comments in Appendix X.41 and Appendix X.42). Figure 6.8
shows the combination between influential variables.
where Community Participation in Disaster Management is:
Figure 6.7 A Causes Tree for Early Warning System Procedure variable.
Key responses on a community’s attitude, belief in God or gods,
collectiveness and local knowledge indicate the extent of community
participation in Disaster Management (see key informants’ comments in
Appendix X.41 and Appendix X.42). In addition, comments on social
interaction and leadership indicate the amount of community trust in the early
warning process (see key informants’ comments in Appendix X.41 and
Appendix X.42). The combination of both variables of Community
Participation in Disaster Management and Level of Community Trust in
Formal and Informal Leaders are in the actual model.
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Figure 6.8 Responses Sub Model
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Furthermore, four main variables affecting the variable of Community
Participation in Disaster Management are Local Knowledge, Belief in
Rewards and Punishments from God, Attitude to Disaster and Disaster
Management and the Level of Community Collectiveness. The
combination of variables for Community Participation in Disaster
Management is shown in Figure 6.9. The key informants’ comments
supporting this are provided in Appendix X.43, Appendix X.44, Appendix X.45,
Appendix X.46 and Appendix X.47. On the other hand, the Level of
Leadership of Village Formal and Informal leaders and Social Interaction
in Community influences the Level of Community Trust in Formal and
Informal Leaders (see key informants’ comments in Appendix X.48 and
Appendix X.49). In this context, the cultural aspect is not considered as it is a
broad aspect operating within a complex cultural system. However, the
responses of key informants on respect for leaders are also considered as one
of the components in the cultural aspect.
For Level of Community Collectiveness, the variable is influenced by the
Social Interaction in Community variable (see key informants’ comments in
Appendix X.41). Moreover, the Social Interaction in Community variable
also influences other factors such as the variables of Attitude to Disaster
and Disaster Management and Communication Intensity. In relation to this,
variable of Ownership of Communication Media may increase the level of
Communication Intensity. Sending text messages (short message services)
helps the community to confirm the approach of the flood (see key informants’
comments in Appendix X.41). The variables affected by Social Interaction in
Community variable are in Figure 6.9.
Three variables determine the Level of Leadership of Village Formal and
Informal Leaders variable: the variables of Lamongan Municipal
Government Coordination, Flood Frequency and Effectiveness of
Information Centres (see key informants’ comments in Appendix X.41,
Appendix X.50 and Appendix X.51).
Besides the variable of Inundation Height in Centini Village, the
Effectiveness of Information Centres influences the Involvement of Mass
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Media. In relation to the inundation, large scale floods are more likely to attract
broadcast media involvement.
Figure 6.9 A Uses Tree11 of Social Interaction in Community Variable.
For Lamongan Municipal Government’s Coordination variable, there are
two main influential variables: the variables of Lamongan Municipal
Government Policies and Conversion of the Pattern of Inundation Height
(see key informants’ comments in Appendix X.52, Appendix X.53 and
Appendix X.54). Furthermore, the variable of Lamongan Municipal
Government Policies is influenced by the Lamongan Municipal
Government Capacity variable. The capacity is influenced by Leadership
and Flood Frequency variables (as key informants’ comments in Appendix
X.55 and Appendix X.56).
In terms of attitude to disaster management, three influential variables are the
variables of Social Interaction in Community, Local Knowledge and
Involvement of NGOs (as per key informants’ comments in Appendix X.41,
Appendix X.57, Appendix X.58 and Appendix X.59). The intensive social
interactions make social values stronger which then can increase the
supportive attitude of villagers to work together in responding to a flood event.
Although the NGOs’ involvement is minor in the current adaptation, the effect
of their involvement is still valuable.
11 In Vensim, a Uses Tree is a graphic representation of the model’s structure to show
a specific variable of interest influencing the set of variables.
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Two main variables influence the NGOs’ involvement: the variables of
Sympathetic Emotions and the Involvement of Mass Media (see key
informants’ comments in Appendix X.60, Appendix X.61 and Appendix X.62).
In the case of a big flood, more widespread communities will sympathise with
the victims. In consequence, the sympathetic emotions will then affect the
involvement of local activists. Both local activists and external involvement will
increase the external support for the affected community. The relationships
between influential variables for NGO involvement are shown in Figure 6.10.
Figure 6.10 A Causes Tree for the involvement of NGOs Variable.
For the variable of Food and Medicine Availability in Emergency Situation,
the causal factors are: Involvement of External Parties, Involvement of
Volunteers, Government Assistance, Availability of Emergency Facilities
and Accessibility of Affected Areas (see key informants’ comments in
Appendix X.63, Appendix X.64, Appendix X.65, Appendix X.66, Appendix X.67
and Appendix X.68). The volunteers usually come from the local activists. In
addition, the variable of Accessibility of Affected Areas depends on the
Inundation Height in Centini Village. The rule of thumb in my case study is
that when the inundation height is a meter or more, the affected area becomes
a limited-access area.
The variables of Involvement of External Parties and Availability of
Emergency Plan or Procedure influence the variable of Availability of
Emergency Facilities (see key informants’ comments in Appendix X.69 and
Appendix X.70). In particular for the variable of the Availability of Emergency
Plan or Procedure, the variable is a representation of the Implementing Unit
for DRM in my case study. It is because the unit mainly focuses their activites
on the emergency actions.
In terms of the Government Assistance variable, the influential variables are
the variables of Inundation Height in Centini Village, Availability of
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Emergency Plan or Procedure and East Java Provincial Government
Stocks for Disaster Assistance (see key informants’ comments in Appendix
X.73, Appendix X.74, Appendix X.75 and Appendix X.76). In addition, the
Government Budgeting Cycle variable and Other Disaster Events in East
Java Province variable will affect the variable of East Java Provincial
Government Stocks for Disaster Assistance (see key informants’
comments in Appendix X.77). For the community benefit, these aids are
usually used for the recovery of houses that have collapsed or suffered major
damage. The relationships between these variables will be discussed in the
next sub model.
6.3.4 Housing Sub Model in community vulnerability
modelling
Within the Housing Sub Model, the condition of houses is treated as a material
that flows from one stock to another. The four key stocks are: 1) the number of
houses, 2) minor damaged houses, 3) major damaged houses and 4)
collapsed houses. Within the village, the three major types of houses are
permanent, semi-permanent and non-permanent houses. Therefore, there will
be three sub-sub models within the Housing Sub Model based on the three
house types as shown in Figures 6.11, 6.12 and 6.13. All types of houses will
follow the same principles of relationships among variables, but they will differ
in the values assigned to specific variable relationships. The logic drawn on for
defining the value assigned to each relationship will be discussed in Chapter
7. This section provides a discussion of the model building based on these
relationships and explains the development of the three sub-sub models.
A different SFD is compiled for each type of house construction. The type of
house construction is likely to reflect villagers' income level. Permanent
houses are those constructed with bricks. Semi-permanent houses are the
houses that use a mix of brick and other natural materials in their construction.
The non-permanent houses are those constructed entirely from natural
materials such as bamboo for the walls and palm leaves for the roof. A low
income family group is most likely to have a non-permanent house. A middle
income family group is likely to have a semi-permanent house. A high income
family group is likely to have a permanent house.
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Figure 6.11 Housing Sub Model – Permanent houses
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Figure 6.12 Housing Sub Model – Non-permanent houses
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Figure 6.13 Housing Sub Model – Semi-permanent houses
W
ee
kly
 ne
w
se
mi
-p
er
ma
ne
nt
ho
us
es
Nu
mb
er
 of
 se
mi
-p
er
ma
ne
nt 
ho
us
es
in 
go
od
 co
nd
itio
n
<I
nu
nd
atio
n 
hei
ght
in C
en
tini
 
Vil
lag
e>
Nu
mb
er
 of
 co
lla
ps
ed
se
mi
-p
er
ma
ne
nt 
ho
us
es
Nu
mb
er
 of
 m
ajo
r d
am
ag
ed
se
mi
-p
er
ma
ne
nt 
ho
us
es
Nu
mb
er
 of
 m
ino
r
da
ma
ge
d
se
mi
-p
er
ma
ne
nt 
ho
us
es
W
ee
kly
 re
bu
ild
ing
se
mi
-p
er
ma
ne
nt
ho
us
es
W
ee
kly
 re
pa
ire
d
se
mi
-p
er
ma
ne
nt 
ho
us
es
fro
m 
ma
jor
 da
ma
ge
W
ee
kly
 re
pa
ire
d
se
mi
-p
er
ma
ne
nt 
ho
us
es
fro
m 
mi
no
r d
am
ag
e
Nu
mb
er
 of
se
mi
-p
er
ma
ne
nt 
ho
us
es
loc
ate
d b
elo
w 
5 m
Nu
mb
er
 of
se
mi
-p
er
ma
ne
nt 
ho
us
es
loc
ate
d b
elo
w 
6 m
.
Nu
mb
er
 of
se
mi
-p
er
ma
ne
nt 
ho
us
es
loc
ate
d b
elo
w 
7 m
Nu
mb
er
 of
se
mi
-p
er
ma
ne
nt 
ho
us
es
loc
ate
d m
or
e t
ha
n 7
 m
<R
eha
bili
tat
ion
 
as
sis
tan
ce
fro
m
 
Ea
st 
Jav
a 
Pr
ov
inc
ial
Go
ve
rn
m
en
t>
W
ee
kly
 co
lla
ps
ed
se
mi
-p
er
ma
ne
nt
ho
us
es
W
ee
kly
 m
ajo
r d
am
ag
ed
se
mi
-p
er
ma
ne
nt 
ho
us
es
W
ee
kly
 m
ino
r d
am
ag
ed
se
mi
-p
er
ma
ne
nt 
ho
us
es
<N
um
be
r o
f
se
m
i-p
erm
an
en
t h
ou
se
s
loc
ate
d b
elo
w
 
7 m
>
<I
nu
nd
atio
n 
hei
ght
in C
en
tini
 
Vil
lag
e>
Av
er
ag
e c
os
t o
f
re
bu
ild
ing
 fo
r a
se
mi
-p
er
ma
ne
nt 
ho
us
e
Av
er
ag
e c
os
t o
f m
ino
r
re
pa
ir f
or
 a
se
mi
-p
er
ma
ne
nt 
ho
us
e
Av
er
ag
e c
os
t o
f m
ajo
r
re
pa
ir f
or
 a
se
mi
-p
er
ma
ne
nt 
ho
us
e
<I
nu
nd
atio
n 
hei
ght
in C
en
tini
 
Vil
lag
e>
<N
um
be
r o
f
se
m
i-p
erm
an
en
t h
ou
se
s
loc
ate
d b
elo
w
 
6 m
.
>
<N
um
be
r o
f
se
m
i-p
erm
an
en
t h
ou
se
s
loc
ate
d m
or
e 
tha
n 
7 m
>
<N
um
be
r o
f
se
m
i-p
erm
an
en
t h
ou
se
s
loc
ate
d b
elo
w
 
6 m
.
>
<A
ve
ra
ge 
sa
vin
g o
f
m
idd
le i
nc
om
e 
fam
ilie
s>
<A
ve
ra
ge 
sa
vin
g o
f
m
idd
le i
nc
om
e 
fam
ilie
s>
Av
er
ag
e h
ou
se
 re
co
ve
ry
co
sts
 of
 m
idd
le 
inc
om
e
fam
ilie
s
<A
ve
ra
ge 
co
st 
of
re
bu
ildi
ng 
for
 
a
se
m
i-p
erm
an
en
t
ho
us
e>
<W
ee
kly
 
re
bu
ildi
ng
se
m
i-p
erm
an
en
t h
ou
se
s>
<N
um
be
r o
f
se
m
i-p
erm
an
en
t h
ou
se
s
loc
ate
d b
elo
w
 
5 m
>
<N
um
be
r o
f
se
m
i-p
erm
an
en
t h
ou
se
s
loc
ate
d m
or
e 
tha
n 
7 m
>
<N
um
be
r o
f
se
m
i-p
erm
an
en
t h
ou
se
s 
in
go
od
 co
nd
itio
n>
<A
ve
ra
ge 
co
st 
of 
m
ino
r
re
pa
ir f
or
 
a 
se
m
i-p
erm
an
en
t
ho
us
e> <W
ee
kly
 
re
pa
ire
d
se
m
i-p
erm
an
en
t h
ou
se
s 
fro
m
m
ino
r d
am
age
>
<A
ve
ra
ge 
co
st 
of 
m
ajo
r
re
pa
ir f
or
 
a 
se
m
i-p
erm
an
en
t
ho
us
e>
<W
ee
kly
 
re
pa
ire
d
se
m
i-p
erm
an
en
t h
ou
se
s 
fro
m
m
ajo
r d
am
age
>
W
ee
kly
 ad
dit
ion
al 
ma
jor
da
ma
ge
d s
em
i-p
er
ma
ne
nt
ho
us
es
 fr
om
 m
ino
r d
am
ag
e
W
ee
kly
 ad
dit
ion
al 
co
lla
ps
ed
se
mi
-p
er
ma
ne
nt 
ho
us
es
fro
m 
mi
no
r d
am
ag
e
W
ee
kly
 ad
dit
ion
al 
co
lla
ps
ed
se
mi
-p
er
ma
ne
nt 
ho
us
es
fro
m 
ma
jor
 da
ma
ge
pro
po
rtio
n 
co
llap
se 
fro
m
m
ajo
r fo
r s
em
i p
erm
an
en
t
<N
um
be
r o
f m
ajo
r
da
m
age
d s
em
i-p
erm
an
en
t
ho
us
es
>
pro
po
rtio
n 
co
llap
se 
fro
m
m
ino
r fo
r s
em
i p
erm
an
en
t
<I
nu
nd
atio
n 
hei
ght
in C
en
tini
 
Vil
lag
e>
Pr
ob
ab
ilit
y o
f m
ajo
r d
am
ag
e t
o
se
mi
-p
er
ma
ne
nt 
ho
us
es
alr
ea
dy
 su
ffe
rin
g m
ino
r d
am
ag
e
Mo
de
l ra
nd
om
ge
ne
ra
tor
 fo
r a
dd
itio
na
l
ne
w 
ho
us
es
<W
ee
kly
 
ad
dit
ion
al
ho
us
es
>
Se
lf-f
un
din
g i
n
re
bu
ild
ing
se
mi
-p
er
ma
ne
nt 
ho
us
es
<u
nit 
/w
ee
k
m
ulti
plie
r>
<u
nit 
/w
ee
k
m
ulti
plie
r>
<u
nit 
ho
us
e
m
ulti
plie
r>
<u
nit 
1/m
m
utip
lier
>
<u
nit 
1/m
m
utip
lier
>
<u
nit 
/w
ee
k
m
ulti
plie
r>
<u
nit 
/w
ee
k
m
ulti
plie
r>
<u
nit 
/w
ee
k
m
ulti
plie
r>
<u
nit 
/w
ee
k
m
ulti
plie
r>
<u
nit 
w
ee
ks
m
ulti
plie
r>
<u
nit 
w
ee
ks
m
ulti
plie
r>
<u
nit 
/w
ee
k
m
ulti
plie
r>
<M
od
el s
ign
al t
o 
sta
rt
re
pa
irin
g h
ou
se
s>
<in
itia
l nu
m
be
r o
f
se
m
i-p
erm
an
en
t
ho
us
es
> <u
nit 
ho
us
e
m
ulti
plie
r>
<h
ou
se
 
m
ulti
plie
r>
134
This page intentionally left blank.
135
Within the normal (no flood) situation, some new houses are built. New
houses can be erected in the main land division in residential areas or in
converted agriculture areas (as per key informants’ comments in Appendix
X.78, Appendix X.79, Appendix X.80 and Appendix X.81). The main reasons
for building new houses are to cater for new families and families who have a
parent who has passed away. However, it is hard to estimate the number of
new houses built per year. Some new families remain living with their parents
due to limited financial resources. Some farming families place a cultural value
on cohabiting with extended families within the same house. Due to the lack of
predictability, I have allowed for a random increase in the number of houses
rather than attempting to define the causes of new houses (e.g. the variable of
Weekly New Permanent Houses). However, there is no possibility that the
number of houses will decrease (see key informants’ comments in Appendix
X.82).
Weekly new permanent houses= IF THEN ELSE(Model random
generator for additional new houses=2, Weekly additional
houses, 0 )
Flooding can have three possible effects on the houses which are depicted as
materials flow in the model: collapsed houses, major damaged houses and
minor damaged houses (as per key informants’ comments in Appendix X.83,
Appendix X.84, Appendix X.85, Appendix X.86, Appendix X.87 and Appendix
X.88). Collapsed houses are those that have been so extensively damaged
that they cannot be used again. The houses with major damage (e.g. broken
roof and walls) can still be used. Houses with minor damage can be lived in by
residents who can ignore the damage for a while until they have money for
repairs. Minor damage includes dirty walls, broken windows or broken doors.
Within the Housing Sub Model, the same variables influence all three types of
damaged houses. Those variables are related to house location, house
construction and inundation height (see key informants’ comments in
Appendix X.6, Appendix X.89 and Appendix X.90). The type of house
construction is particularly significant to the probability that it will be affected
by a flood. Each house type will respond to different probabilities on the
impact of floods. House location is also very significant as it is related to
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topography and therefore the height of inundation. The formula is available on
the actual model. The variables linkages (Figure 6.14) can be shown on the
following cause tree (for example: Weekly Minor Damaged Non-Permanent
Houses Variable).
Figure 6.14 A cause tree for Weekly Minor Damaged Non-Permanent Houses.
Of all the three types of damage, the houses with minor damage are the
owners’ responsibility to repair. For the other two types of damage, there may
Weekly minor damaged non-permanent houses
Number of non-permanent houses in good condition
Initial number of non permanent houses
(Unit /week multiplier)
(Weekly collapsed non-permanent houses)
(Weekly major damaged non-permanent houses)
(Weekly minor damaged non-permanent houses)
Weekly new non-permanent houses
Weekly rebuilding non-permanent houses
Weekly repaired non-permanent houses from major damage
Weekly repaired non-permanent houses from minor damage
Inundation heigth in Centini VillageInundation height in LC-10
Number of non-permanent houses located below 5 m(Number of non-permanent houses in good condition)
Number of non-permanent houses located below 6 m(Number of non-permanent houses in good condition)
Number of non-permanent houses located below 7 m(Number of non-permanent houses in good condition)
Number of non-permanent houses located more than 7 m(Number of non-permanent houses in good condition)
Unit /week multiplier
Unit weeks multiplier
Weekly collapsed non-permanent houses
(Number of non-permanent houses in good condition)
(Inundation heigth in Centini Village)
(Number of non-permanent houses located below 5 m)
(Number of non-permanent houses located below 6 m)
(Number of non-permanent houses located below 7 m)
(Number of non-permanent houses located more than 7 m)
(Unit /week multiplier)
Weekly major damaged non-permanent houses
(Number of non-permanent houses in good condition)
(Inundation heigth in Centini Village)
(Number of non-permanent houses located below 5 m)
(Number of non-permanent houses located below 6 m)
(Number of non-permanent houses located below 7 m)
(Number of non-permanent houses located more than 7 m)
(Unit /week multiplier)
(Unit weeks multiplier)
(Weekly collapsed non-permanent houses)
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Weekly repaired non-permanent houses from major damage
Model signal to start repairing housesSignal for starting repair
Number of major damaged non-permanent houses
Weekly additional collapsed non-permanent houses from major damaged
Weekly additional major damaged non-permanent houses from minor damage
Weekly major damaged non-permanent houses
(Weekly repaired non-permanent houses from major damage)
Average cost of major repair for a non-permanent house
Average savings of low income families
Low income traders' savings
Savings of low income officers
Savings of operators in aquaculture
Savings of operators in farming
Savings of paddy field owners-operators
Community self-help mechanisms
(Average cost of major repair for a non-permanent house)
(Average savings of low income families)
Unit house multiplier
House multiplier
Rehabilitation aid from East Java Provincial Government
Conversion of the pattern of inundation height
East Java Provincial Government's stocks for disaster aid
Unit /week multiplier
be government funding assistance for the reconstruction. This assistance
applies to low income earners only (see key informants’ comment in Appendix
X.91). Most funds come from the higher level of government such as
provincial and national. The relationships between variables are shown in
Figure 6.15 which sets out a cause tree for weekly repaired non-permanent
houses from  major damage.
The Sub Model of Housing calculates the number of affected houses and the
impact costs for the three types of impacts that are minor damaged houses,
major damaged houses and collapsed houses. In addition, most of the owners
typically spend some of their money, in particular from their own savings, to
repair their houses. Section 6.2.5 describes the average savings of a family
group in the Saving Sub Model.
Figure 6.15 A cause tree for Weekly Repaired Non-Permanent Houses from
Major Damage Variable.
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6.3.5 Savings Sub Model in community vulnerability
modelling
The Savings Sub Model attempts to capture the characteristics of villagers’
savings in terms of their weekly income and spending. The flowing material12
in this sub model is money. The stocks are savings based on the types of
occupations of householders. Since there are 15 combinations of household
types based on the groups of occupation and income level (see key
informants’ comments in Appendix X.92, Appendix X.93, Appendix X.94,
Appendix X.95, Appendix X.96 and Appendix X.97), the stock for the savings
will also be classified into 15 types of family groups that are:
1. Savings of Middle Income Paddy Field Owners
2. Savings of High Income Paddy Field Owners
3. Savings of Middle Income Paddy Field Owners with Aquaculture
4. Savings of High Income Paddy Field Owners with Aquaculture
5. Savings of Low Income Officers
6. Savings of Middle Income Officers
7. Savings of High Income Officers
8. Low Income Traders’ Savings
9. Middle Income Traders’ Savings
10. High Income Traders’ Savings
11. Savings of Paddy Field Owners-Operators
12. Savings of Operators in Aquaculture
13. Savings of Operators in Farming
14. Savings of Middle Income Aquaculture Owner-Farmers
15. Savings of High Income Aquaculture Owner-Farmers
Although there are 15 types of family groups with different saving patterns, the
principle of saving is similar for each (see key informants’ comments in semi
structured interviews). Figures 6.16, 6.17 and 6.18 show how the Savings Sub
Model structures apply for all types of villagers.
12 The meaning of stocks in Vensim Software was explained in Footnote 1 in this
chapter.
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Figure 6.16 Saving Sub Model- High Income Families
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Figure 6.17 Saving Sub Model- Low Income Families
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Figure 6.18 Saving Sub Model- Middle Income Families
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Income of low income paddy field owners-operators
Average paddy field for low income families
Buying additional field for paddy field owners-operators
Paddy field selling by paddy field owners-operators
Savings of paddy field owners-operators
Expenditure of paddy field owners-operators
(Income of low income paddy field owners-operators)
Cash transfer program
Extra income
Income of paddy field owners as well as operatorsPaddy harvesting
Income of paddy field owners-operators for paddy field selling
Paddy field price
(Paddy field selling by paddy field owners-operators)
Insurance benefits for low income paddy field owners-operators
Insurance benefits model signal for low income paddy field owners-operators
Insurance involvement
Minimum payment for low income group from insurance company
Unit /week multiplier
In general, the money flows into the stock from savings from the income
earned from the villagers’ occupation. The money will also flow out from the
stock of savings through the families’ expenditure including both weekly
expenditure and productive expenditure (such as the cost of farming a paddy
plantation).
Income is ‘take home payment’ from any economic activity undertaken by any
member of a family. In the case of inadequate income, indicated by zero
savings, the villagers fulfil their daily needs by growing food crops or catching
fish in the swamp. These activities are described as ‘casual work’ which
results in additional income for the villagers. Figure 6.19 shows the cause tree
for low income paddy field owners-operators
Figure 6.19 A Cause Tree for Income of Low Income Paddy Field Owner-
Operators.
The amount of money each family has left after their weekly expenditure and
production spending is their savings. Weekly expenditure is made up of  daily
living expenses such as food, clothes and education. Production spending is
regular spending related to the villagers’ economic activities such as purchase
of seeds, pesticides, and irrigation water used in farming a paddy plantation.
The formula for this saving mechanism relates particularly to low income
144
paddy field owners-operators and uses the integer formula to indicate the
accumulation process. The accumulation will depend on the gap between
income and expenditure. Since low income villagers have no regular savings, I
use zero as the base saving for them. The formula for this type of family is:
Saving of paddy field owners-operators = INTEGER (+"Income of
low income paddy field owners-operators"-"Expenditure of paddy
field owners-operators"). With initial value = 0.
Since savings is the difference between income and expenditure, the following
sections will discuss both of these aspects. Section 6.2.6 will assess the
Income Sub Model while Section 6.2.7 will examine the Spending Sub Model.
6.3.6 Income sub model in community vulnerability
modelling
The Income Sub Model is based on patterns in villagers’ earnings. Since
income relies on the type of occupation, the model building is framed around
groups of families with the same occupation. Figure 6.20 shows the Income
Sub Model and is based on information about patterns of economic activities
obtained from semi-structured interviews.
For the economic activity of aquaculture, three types of family groups are
identified: aquaculture owner-farmers, paddy field owner-farmers who also
practice aquaculture, and aquaculture operators (see key informants’
comments in Appendix X.98, Appendix X.99, Appendix X.100 and Appendix
X.101). The results of semi-structured interviews indicated the probability of
mixing different types of economic activities within a single family.
The income of these three types of family groups relies on aquaculture
harvesting. The variable of Aquaculture Harvesting reflects the average
amount of money made from aquaculture in each planting season. Timing
becomes one of the major variables for aquaculture (see key informants’
comments in Appendix X.102). Logically, the value of harvesting will also be
affected by variables of Model Signal to Start Aquaculture Harvesting,
Model Signal Accumulation for Inundation over 2.2 m, Model Signal
Accumulation for Inundation below 2.2 m and the Production Value of
Aquaculture.
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Figure 6.20 Income Sub Model
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The Model Signal to Start Aquaculture Harvesting variable indicates the
timing of harvesting after establishing the fish fry. A flood signal is required to
determine the timing of a flood at harvest time. If there is no flood, the villagers
will most likely achieve 100% of their total harvesting capacity. But, in the case
of a flood, the value of the harvest will be lower.  For the floods that inundate
over 2.2m, the villagers can harvest approximately 50% of the total capacity.
For floods that inundate between 1.7m and 2.2m, the villagers can harvest
70% of the total. To verify these allocations of percentages, I verify the savings
variable in the Savings Sub model particularly for the household related to the
aquaculture activities. The model outputs in savings variables should reflect
the key informants’ comments in the semi-structured interview. The following
formula represents this mechanism.
Aquaculture harvesting = IF THEN ELSE(Model signal to start
aquaculture harvesting=1, IF THEN ELSE("Model signal
accumulation where inundation more than 2.2 m">=1, Production
value of aquaculture*0.5 , IF THEN ELSE("Model signal
accumulation for inundation less than 2.2 m">=1, Production
value of aquaculture*0.7 , Production value of aquaculture ) ) , 0 )
For those deriving income from rice paddies, four types of family groups are
identified: paddy field owners, paddy field owners-farmers and operators,
paddy field owners-farmers who also practice aquaculture and paddy field
operators (see key informants’ comments in Appendix X.95, Appendix X.96,
Appendix X.98, Appendix X.99, Appendix X.100, Appendix X.103 and
Appendix X.104). Key informants outlined the likelihood of deriving incomes
from a combination of sources associated with rice paddies. These confirm the
assessment outlined in relation to aquaculture.
In terms of family income, three out of four groups (paddy field owners, paddy
field owners-farmers and operators, paddy field owners-farmers who also
practice aquaculture) are dependent on paddy harvesting. The other group is
the paddy field operators who earn money from the production process in
various ways. To simplify the model, the amount of money earned by the
operators is one of the components of the paddy field production costs.
Therefore, the paddy operators’ income will be explained in the Spending Sub
Model.
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The Paddy Harvesting variable reflects the amount of money gained from a
single planting season. The variable is influenced by three other variables:
Inundation Height in Centini Village, Model Signal to Start Paddy
Harvesting and Production Value of Paddy. Similar to the Aquaculture
Harvesting variable, the Paddy Harvesting variable is calculated using the
following formula:
Paddy harvesting = IF THEN ELSE(Model signal to start paddy
harvesting=1, IF THEN ELSE(Inundation height in Centini
Village<=0, Production value of paddy, IF THEN
ELSE(Inundation height in Centini Village<1.7, Production value
of paddy*0.7, IF THEN ELSE(Inundation height in Centini
Village<2.2, Production value of paddy*0.5, 0))), 0)
The income of traders’ families will be differentiated within the Savings Sub
Model. The traders’ income will be derived mainly from the sale of purchased
goods. The sale of purchased goods is defined by the average value of
purchased goods, market seasons, traders’ income ratio (see key informants’
comments in Appendix X.105, Appendix X.106 and Appendix X.107). In
addition, the trader’s ratio will depend on the inundation height.
For the Officers’ Income, the officers’ families will be also differentiated within
this sub model.  The main variable influencing the income of officers’ families is
Wage. The flood will not have a significant effect as the salary is paid on a
regular basis by the employer. Most of the officers in the village are
government employees.
6.3.7 Spending Sub Model in Community Vulnerability
Modelling
The Spending Sub Model reflects the characteristics of family expenditure for
each group of families. Since there are two types of spending (weekly
expenditure and productive spending), the sub model addresses them in
different ways. The weekly expenditure is differentiated based on the family
income groups. The productive spending is calculated based on the villagers’
productive activities. Figure 6.21 shows the model structure for spending.
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Figure 6.21 Spending Sub Model
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The Weekly Expenditure of Families variable is an addition function of the
variables of Education Expenses, Food Expenses and Miscellaneous
Expenses (see key informants’ comment in Appendix X.108). The
miscellaneous expenses comprise a mix of various small expenses within a
family. The following formula shows how the weekly expenditure is calculated.
Weekly expenditure = (Education expenses+Food
expenses+Miscellaneous expenses)
Since there are four main sources of productive activities (aquaculture, paddy
field, trades and kenaf), the varieties of productive spending follow these
sources of income. The types of spending include costs of paddy plantation,
costs of aquaculture, costs of kenaf plantation and costs of shops.
The Costs of Paddy variable is an addition function of variables of Costs of
Paddy Seeds, Costs of Irrigation for Paddy, Cost related to Fertilising and
Costs of Paddy Operators (see key informants’ comment in Appendix X.109,
Appendix X.110 and Appendix X.111). The costs of paddy seeds depend on
the time that planting started. The planting time starts when there is no
inundation height (i.e. no flood). In the case of inundation or a period of heavy
rain, the farmers usually postpone their planting until the rain stops. Therefore,
to identify the planting time, I use a signal process to give the model a
reference point. In terms of the cost of irrigation, the paddy planting system
requires a large quantity of water. Hippa, a village corporation, manages the
use of water from the Solo River for irrigation purposes. The formula used to
calculate the costs of paddy plantations is as follows:
Costs of paddy plantations = (Costs of irrigation for paddy+Costs
of paddy operators+Costs of paddy seeds+Cost related to
fertilizing)
The Costs of Aquaculture variable is an addition function of variables of
Costs of Fish Fry and Operational Costs of Aquaculture (see key
informants’ comment in Appendix X.112 and Appendix X.113). The Operating
Costs of Aquaculture Variable consist of: Costs of Aquaculture Harvesting
and Weekly Aquaculture Maintenance Costs including fertilisers. The
following formula is used to calculate the aquaculture costs:
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Costs of aquaculture = (Operating costs of aquaculture+Costs of
fish fry)
For the traders, the Costs of Traders variable is an addition function of Shop
Rent and Costs of Stock for Average Traders variable (see key informants’
comments in Appendix X.114, Appendix X.115 and Appendix X.116). There
will not be an operator cost as most of the shops are run by the owners. The
following formula is used to calculate costs for traders.
Costs of shops = (Cost of purchased goods for shops+shop rent)
6.4 Variables in vulnerability indicators
Assessing vulnerability indicators requires specific and measurable variables.
Section 2.6 identified three main vulnerability indicators: victims, damage/
losses and recovery process. Each of these indicators is compiled from
several sub indicators.
For the purpose of measuring the indicators, I attempted to minimise the
errors using several methods. First, I conducted 1,000 iterations on the model.
The iterations minimised the uncertainty from using random formulae. Each
iteration measured all vulnerability indicators weekly from week one to week
1,000. Second, since the results in every iteration will vary, I used the average
values of the vulnerability indicators’ measures to minimise the errors. The
average values will avoid the extremely low and extremely high results from
the simulations. Lastly, another source of error can come from a bias in the
type of measurements. One measurement will not be applicable for all the sub
indicators. Consequently, the selection of measurements for each sub
indicator is vital. Table 6.1 sets each measurement for a sub indicator.
There are five types of measurement selected for each of the sub indicators.
First, the total number indicates the sum of values from week 1 to week 1,000.
Second, the mean measurement reflects the average value of the simulations’
results for each time step (week). Third, the maximum measurement reveals
the highest value of the simulations’ results for each time step (week). Fourth,
the minimum measurement indicates the lowest value of the simulations’
results in each time step (week). Lastly, the mean in the final week of
measurement reflects the average value in the final week (1,000th). Especially
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for the measurements of mean, maximum and minimum in each time step, I
used the average values to obtain a final value of all the time steps (1,000
weeks).
Table 6.1 List of sub indicators and their measurements. Each of the sub
indicators will have different types of measurements.
No Vulnerability Sub Indicators Measurements
Victims Indicator
1 Number of deaths Mean and maximum in final
week.
2 Number of evacuated villagers Mean and maximum.
3 Number of villagers with minor health problems Mean and maximum.
4 Number of impacted villagers Mean and maximum.
5 Number of villagers with chronic diseases Mean and maximum.
Damage/Losses Indicator
6 Total number of minor damaged houses Mean and maximum.
7 Total number of major damaged houses Mean and maximum.
8 Total number of collapsed houses Mean and maximum.
9 Economic losses of middle income families Mean and maximum.
10 Economic losses of low income families Mean and maximum.
11 Economic losses of high income families Mean and maximum.
Recovery Process Indicator
12 Number of weeks for villagers with chronic
diseases
Mean in final week.
13 Number of weeks for villagers in evacuation
shelters
Mean in final week.
14 Number of weeks for total number of minor
damage houses
Mean in final week.
15 Number of weeks for total number of major
damage houses
Mean in final week.
16 Number of weeks for total number of collapsed
houses
Mean in final week.
17 Average savings of middle income families Minimum, mean and
maximum.
18 Average savings of low income families Minimum, mean and
maximum.
19 Average savings of high income families Minimum, mean and
maximum.
6.5 Validating the model
Several tests are required to validate any model (Barlas, 1996; Sterman,
2000) and ensure that the model represents reality for any predicted situation
(Barlas, 1996; Sterman, 2000; Chen, QI, Zhou, Li, & Xiao, 2004; Kashimbiri,
Chen & Zhou, 2005). Different types of models will require different tests of
validation. In system dynamics, the main tests include the tests of boundary,
model structure, sensitivity analysis, extreme condition and replication
behaviour (Barlas, 1996; Coyle & Exelby, 2000; Sterman, 2000). Before
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further investigation of the model’s validity, I ensured that my model had
consistent units and that all parameters were correctly linked. The following
paragraphs will discuss five tests to ensure the robustness of the model.
The first test is a boundary test, a test which determines adequacy of the
model in representing the reality (Sterman, 2000). This test was undertaken in
the early stages of model building and involved twelve key informants in semi-
structured interviews. Appendix II on the list of main points for semi-structured
interviews shows that the test is conducted by asking iterative clarification
questions of different key informants. In addition, the boundary test can also
be conducted by providing data to capture the reality. For example, the
classification for Cost of Paddy variable is clarified by several key informants
(see key informants’ comments in Appendix X.109, Appendix X.110 and
Appendix X.111). The key informants’ comments on the types of costs are
then summarised into four main expenses that are cost related to fertilising,
paddy irrigation costs, costs of paddy operators and costs of paddy seeds (as
in Figure 6.22). The Variable of X Factors on Cost of Paddy is not the actual
variable but it is a supporting variable in a sensitivity analysis. Another
example of a boundary test is determining land uses classification in the
village. For this purpose, I used data from Centini Village Profile in 2007
(Table 6.2). The table indicates that the built-up areas are dominated by low
density residential areas. Other types of built-up areas have insignificant
percentages (less than 1%). Therefore, generalisation of these types of land
uses into built-up areas will still adequately represent the reality (Figure 6.23).
Figure 6.22 A Cause Tree for Costs of Paddy. Costs of paddy depend on
costs of fertilising, irrigation, operators and seeds.
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Table 6.2 Land Use Distribution in LC-10. Source: Centini Village Profile
2007
No Land uses Width (Ha) %
1 Residential 32.00 7.786
2 Inundated rice field 225.00 54.745
3 Unirrigated agriculture field 20.00 4.866
4 Offices 0.01 0.002
5 Schools 4.00 0.973
6 Traditional market 0.50 0.122
7 Public transport terminal 0.01 0.002
8 Aquaculture 50.00 12.165
9 Open space 79.48 19.338
Second, the model’s structure test ensures that the variables are linked
logically following the structure of the reality in my case study (Sterman, 2000;
Barlas, 1996). Since vulnerability factors are the driven variables in model
building, I ensured that the factors are the most relevant to my case study by
conducting a Delphi Questionnaire for two rounds (Section 5.1). The linkages
between these driven variables are validated by using semi-structured
interviews for twelve key informants iteratively. Therefore, one key informant’s
arguments can be clarified by others. In addition, the interviews also provide
additional variables to advance the model’s structures in reflecting the reality.
Figure 6.23 Flood Sub Model’s structure around run-off from subcatchment
LC-10 showing two distinct land uses: built up area and open
space (highlighted in grey). The boundary test demonstrated that
this distinction is adequate to represent the reality.
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Another way to conduct a model structure test is to use a scientific concept for
some applicable sections. Two examples of using different methods on the
structure test are: 1) the Responses Sub Model’s structure which has been
widely sourced based on the semi-structured interview results. One of the
sections in the structure is the interaction between Variable of Community
Participation in Disaster Management and other relevant variables. The key
informants’ explanations have been formulated to define this single structure
as in Figure 24 (see Appendix X.43, Appendix X.44, Appendix X.45, Appendix
X.46 and Appendix X.47 for the key informants’ explanations). These
clarifications from the key informants ensure the model’s structure
accommodates the real structure in my case study. 2) The model uses Darcy
Law, as a scientific approach, to represent the basic hydrological concept in
my case study, in particular for the Flood Sub Model. For example, some
relevant data on the water flowing in LC-10 and the outputs of semi-structured
interviews on this matter (See Appendix X.2, Appendix X.4, Appendix X.3 and
Appendix X.4) also confirm and provide further information on the relevancy of
this hydrological concept in my case study.
Figure 6.24 A Cause Tree of Community Participation in Disaster
Management.
Sensitivity analysis (the third test) ensures the model may provide
understandable behaviour of the model outputs when there are some changes
to the model (Sterman, 2000). The test is applied by making a change to one
variable then running the model to check the rationality of the model’s
behaviour (Chen et al., 2004; Kashimbiri et al., 2005). A complete sensitivity
test is in Chapter 7 and Appendix XVI-XVIII. Based on the outputs of the
sensitivity test, I can conclude that the model has rational behaviour both in an
intuitive and counter-intuitive manner. For example, the 10% increase in the
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Variable of Weekly Water Discharge Upstream will increase variables for
vulnerability sub indicators. This behaviour is intuitively replicating the
characteristic of my case study particularly on the hydrological processes.
Another result of the sensitivity test with counter-intuitive behaviour but still
representing the actual community behaviour is the change on the Variable of
Early Warning System Procedures. The increase in this variable will lead to
the increase in the number of evacuated villagers. The increase in the number
of evacuated villagers will decrease the number of villagers with chronic
diseases. It is understandable since the better early warning system will
improve stakeholders’ capacity in evacuating the villagers so that, even
though it is counter-intuitive, the model still behaves rationally representing the
characteristic in my case study.
The extreme condition test which validates the model’s behaviour in an
extreme condition is the fourth test. Under an extreme condition, the model
should still behave rationally (Barlas, 1996; Sterman, 2000). The test can be
done by setting a variable into extreme value then running the model to
ensure the model still behaves rationally (Saysel & Barlas, 2006). For
example, the change to the value of the Embankment Height variable from
5.98 m to 10 m is assumed to be the extreme change on the embankment
height. After running the model, I can see the model still behaves rationally.
The overflowing water from the river to the plains for 5.98 m embankment
height is less than the overflowing water in the case of 10 m for embankment
height (as indicated by the Variable of River Water Discharge to the
Plains). Even though there is less overflowing water, the village still has some
probability of flooding due to the embankment collapsing. In the case of
embankment collapse, the water discharge through the 10 m of collapsed
embankment is more than the 5.98 m of collapsed embankment. Therefore,
the pattern of high flooding in the village within the extreme high value of
embankment height follows the pattern of the discharge caused by the
collapsed embankment (Figure 6.25).
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Figure 6.25 Model outputs for extreme value test on Embankment Height
Variable. The arrows show that the collapsed embankment mainly
contributes to the major floods in the case of extreme value on
embankment height. In this case, there is less frequent
overflowing than in the actual height. When there is a collapsed
embankment, the village suffers from high floods. This situation
is indicated by the circles.
The replication test (the fifth test) confirms that the aggregate outputs of the
model are matched with the field data to some specified range of accuracy
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(Barlas, 1996; Kashimbiri et al., 2005). The test can use two types of
calculations which are Error Variance and Kalman Filtering shown in Figure
26. The error variance calculation determines that a valid model will have an
index value less than 0.1 while the Kalman Filtering calculation perceives the
robust model will result in a ratio of around 0.5. For example, Table 6.3
provides comparison results of error variance on the population numbers in
my case study.  All the comparisons have values of less than 0.1 indicating
that the model is robust. A further example is Kalman Filtering ratio in the
Variable of Water Level in Bengawan Solo.
Appendix XIII provides the comparison for the water level between the
simulation outputs and field data. The Kalman ratio on this variable is
0.515944. Since it is around 0.5, the ratio indicates that my model is relatively
robust.
E =  | ( O – F ) / F | and KF = Vo/ (Vo + Vf)
Figure 6. 26 Formulae for Error Variance and Kalman Filtering
Note: E = Error variance
O = Output of the model on a variable
A = Field Data
KF = Kalman Filtering Ratio
Vo = Variance in output of the model on a variable
Vf = Variance in field data
Table 6.3 Error variance ratios of the Total Population Numbers in Centini
Village Variable. Since the error values are less than 0.1, the
model is robust in terms of replication.
Year Field Data SimulationResults
Error Variance
Ratio
2004 3,375 3,225 -0.04444
2005 3,374 3,225 -0.04416
2006 3,193 3,227 0.01065
2007 3,225 3,229 0.00124
2008 3,225 3,231 0.00186
While all models are abstract representations of reality and, as such, will never
predict novel situations perfectly, I can have some confidence in the results of
this model of community vulnerability because it was robust in a range of
validation tests. The next two chapters will interpret the results of the model to
assess the most effective adaptations in minimising community vulnerability to
future flooding.
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CHAPTER 7
ASSESSING KEY ADAPTATIONS FOR FUTURE
FLOOD EVENTS UNDER CURRENT CONDITIONS
7.1 Introduction
In this chapter, the effectiveness of current adaptations to flood disasters is
assessed using the model developed in Chapter 6 in order to determine
priorities for reducing community vulnerability to flood in the future. Since
current adaptations are generally reactive (as explained in Section 5.3.1),
there is a need to propose proactive adaptations to enhance community
response to floods. Proactive adaptations (as in Section 5.3.2) may be more
effective at reducing the community vulnerability than current adaptations. The
comparison between current and proactive adaptations can be made through
simulations using the community vulnerability model. The results can be used
to inform decision-making regarding which adaptations to support.
In this chapter, the effectiveness of current adaptations to flood disasters is
assessed using simulations that involve changing some parts of the model to
reflect the application of current adaptations. The changes that result from
applying current adaptations provide a means to value the effectiveness in
reducing the vulnerability indicators. There are four major steps in conducting
this assessment;
1. Identify a base line for the model’s output. The base line provides a
reference for understanding the impact on vulnerability indicators after
applying the adaptations. To find the base line, I run a simulation
without any changes to the model for 1,000 iterations.
2. Conduct a sensitivity analysis to identify the key variables in the model.
The analysis will also be used to clarify the validity of the model (as
discussed in Section 6.4). Under the sensitivity analysis, the value of
suspected key variables is changed to ± 10% of current values and the
model is then run for 1,000 iterations. I then repeat the same
procedure for every suspected key variable. The total number of
suspected key variables is 46. The main result of this stage is
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validation of the logic of the model and the development of sensitivity
indices for all vulnerability sub indicators.
3. Change specific variables to reflect current adaptations (as defined in
Section 7.3), then simulate the model with the changes to the variables
for 1,000 iterations. Those changes will consequently change some
dependent variables (the indicators) reflecting vulnerability levels. The
simulation results are named based on the relevant adaptations.
4. Compare the results for stages 1 and 3, and then discuss them in
terms of reducing community vulnerability
This chapter is organised into five sections. First, Section 7.1 describes how
the model simulation will interpret the current situation in the community. It
describes how the current vulnerability level is calculated through the values of
vulnerability sub indicators. In Section 7.2, sensitivity analyses are conducted
to uncover the key variables in my model. In Section 7.3, I assess current
adaptations. In Section 7.4 I discuss the findings from the comparison of
vulnerability levels before and after the application of current adaptations. This
leads to a discussion of the policy implications. Finally, since no model is
perfect (Sterman, 2000), I discuss several aspects of noise and uncertainty in
the model in Section 7.5.
7.2 Model Simulations and Interpretations (Current
Vulnerability Levels)
I simulate the model that was finalised in Chapter 6 to measure every sub
indicator in representing current vulnerability levels (as defined in Section 6.4).
In order to establish robust model outputs, I repeat the simulations using 1,000
iterations. The 1,000 iterations of the simulation minimises uncertainties in the
model. One of the uncertainties is due to the use of random formula in a
variable. Another is the use of probability. The 1,000 iterations will make the
model calculate each variable for every probability 1,000 times. A further
explanation of these uncertainties will be provided in Section 7.5. The
aggregate values of the 1,000 model outputs will reduce the effect of the
uncertainties and therefore produce a more reliable vulnerability level in my
model for the current community conditions.
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The estimation of the inundation pattern for floods in Centini Village is vital to
my community vulnerability model as it is the primary cause of the impact on
the villagers and a driving variable in the model. The inundation patterns are
predicted by incorporating the hydrological processes in both the upstream
area and in LC-10 (as explained in Section 6.2.1). This process has to be
done due to the lack of historical inundation heights. In addition, to capture the
actual pattern of inundation height, I used the results of semi-structured
interviews as in Appendices X.5, X.6, X.7, X.8, X.9, X.10 and X.11. Using
information derived from the interviews, Centini Village experiences two types
of floods: annual floods with low inundation height and less frequent extreme
floods with much higher inundation. After running the simulation 1,000 times,
the characteristics of the floods are presented in Figure 7.1. This figure shows
the dynamic of the weekly inundation pattern from week one to week 1,000.
The horizontal lines depict the minimum flood heights that will inundate
different types of areas, including paddy fields, settlements and embankments.
These thresholds were gathered via interviews and topography analysis. The
two vertical lines indicate the inundation patterns in two simulations out of
1,000.  Both of these lines indicate that the villagers experience both annual
floods and less frequent extreme floods.
Both of the vertical lines illustrate lower and frequent floods in the village. This
type of flood is known in the village as an annual flood. Annual floods have an
inundation height of around 1.5 m to 2.5 m from the lowest lying area within
LC-10. These floods will inundate the settlement areas by less than 20cm.
Even though the annual floods have a low inundation height in the settlement
area, they can inundate farming areas. These inundation patterns correspond
with the semi-structured interviews results reported in Appendices X.5, X.6
and X.11. Therefore, their adjustments to the farming system become
important in this case and can minimise the economic loss. These
adjustments have been a long standing practice by the villagers (as mentioned
in the interview results in Appendices X.98, X.99 and X.103).
Both of the vertical lines also illustrate a lower frequency with a high
inundation height caused by extreme floods. The extreme floods occur at least
once or twice in the 1,000 weeks’ simulation. Although the probability of an
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extreme flood is low, the scale of such floods can devastate the village
significantly as was evident in 1967 and 2008. The extreme floods for the
village are those with more than a five meter inundation height. At that level,
the floods will also inundate the embankment areas. The embankment
inundation is an important threshold level for the village since it is also used as
an evacuation shelter.
Moreover, there will also be a limited probability of a flood that makes the
villagers willing to be evacuated. Since villagers have experienced annual
floods for a long time, floods with heights less than 3.8 m will be perceived as
normal from the villagers’ point of view. At that height, the flood will inundate
their houses by less than 1.5 m and they will not wish to be evacuated.
Therefore, most of the annual floods will not necessitate evacuation of
villagers. Conversely, during extreme floods, villagers will be evacuated to the
higher ground of the embankment.
Figure 7.2 shows the values of maximum, mean and their 95% confidence
interval of the mean inundation height for every week. The highest inundation
height during 1,000 weeks is 5.63 m. Based on the flood heights in Centini
Village outlined in this figure, the impacts on the vulnerability indicators will be
represented by sub indicators in Victims, Damage/Losses and Recovery
Indicators. Table 7.1 presents a summary of the inundation pattern for 1,000
iterations over 1,000 weeks. The next section will discuss the effects of
inundation height on the vulnerability indicators.
Table 7.1 Summary of Inundation Height in Centini Village for 1,000
iterations and over 1,000 weeks’ time step based on current
conditions
Minimum Median Maximum
95% Lower
CI of Mean Mean
95% Upper CI
of Mean
Minimum 0.00 0.00 0.00 0.00 0.00 0.00
Maximum 0.61 2.21 5.63 2.16 2.19 2.22
Mean 0.02 0.61 2.68 0.66 0.69 0.71
Median 0.00 0.00 2.85 0.25 0.28 0.31
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7.2.1 Model Results for Victims Indicator
The sub indicator ‘Victims’ includes the Number of Deaths, Number of
Evacuated Villagers, Number of Villagers with Minor Health Problems
and Number of Villagers with Chronic Diseases (see section 6.4 for further
details). Table 7.2 presents model outputs relevant to the sub indicators of
Victims. Based on the table, five main findings are discussed as follows;
1. Based on the model outputs from 1000 iterations, the average number
of deaths is 26 villagers over 1,000 weeks due to floods. This means
that around one to two persons in a year will probably die as a result of
floods. The maximum number of total deaths is 84 villagers in 1,000
weeks. These cases include deaths resulting from evacuation, deaths
at home and deaths due to chronic diseases.
2. All villagers will be evacuated if the flood height is more than 3.8
meters. In this case, the flood will inundate at least 1.5 meters in the
residential areas. The highest number of evacuated villagers in a week
is 4,285, the total population of the village at that time. The current
population in week zero is 3,225. The population increase considers
migration and natural increase (ratio of births to deaths) factors. Since
the higher floods are less frequent, the average number of evacuated
villagers is low - about 31 persons in a week. Moreover, the duration of
inundation also influences the number of evacuated villagers. Smaller
floods will only inundate the village for about four weeks while larger
floods can last for up to 24 weeks. Therefore, the highest number of
evacuated villagers can be the entire village population.
3. In one week, around half of the villagers (2,844) are likely to have
minor health problems (such as colds, skin irritations and stomach
problems) for the maximum probability. However, for the average
probability, the Number of Villagers with Minor Health Problems is
75.
4. The Number of Villagers with Minor Health Problem (75) above is
double compared to the evacuated villagers (31). This fact indicates
that the probability of having minor health problems is high even
though the risk of a major flood is low. This is understandable as the
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influential variables for minor health problems (e.g. area cleanliness
and weather condition) have middle to low performance in any flood
situation. Moreover, the current response of refusing to be evacuated
when the flood is less than 3.8 meters means the number of villagers
with minor health problems increases. Therefore, there is a need for
more concern around villagers' willingness to be evacuated.
5. A small number of villagers who have potential chronic diseases leads
to an even smaller number of villagers suffering from chronic diseases.
The key informant from the Health Agency argued that while the flood
is not directly linked to chronic diseases, it can degrade the local
environment which then leads to activation of a latent virus or bacteria.
As a consequence it will probably contribute to chronic disease in two
ways: 1) activate the diseases in the villagers who have potential
chronic diseases (manifestation) and 2) infect villagers without
manifesting as a disease.  Within those two types of effects, I will
calculate the first one since the latter will have no exact time period in
which to manifest.  The results are shown in Table 7.2.
Table 7.2 Model outputs for victim indicator under current conditions
Measurements
Variables Unit Maximum mean
95%
Lower
CI of Mean
95%
Higher
CI of Mean
Highest
in a week
for 1,000
iterations
Number of deaths
Total
Person in
1,000
weeks
84 26 NA NA 4
Number of evacuated
villagers Person 1,649.35 31.02 27.74 34.30 4,285.00
Number of villagers with
minor health problems Person 937.71 75.55 67.70 83.40 2,844.00
Impacted villagers Person 2,144.19 178.60 159.64 197.55 4,376.00
Number of villagers with
chronic diseases Person 0.49 0.01 0.01 0.01 4.00
Note: NA means not available
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7.2.2 Model Results on Damage/Losses Indicator
The sub indicators of Damage/Loss include Total Number of Minor
Damaged Houses, Total Number of Major Damaged Houses, Total
Number of Collapsed Houses, Economic Losses for Middle Income
Families, Economic Losses for Low Income Families and Economic
Losses for High Income Families (see section 6.4 for further details
regarding this indicator). Table 7.3 presents model outputs relevant to the sub
indicators of Damage/Losses. Based on the table, four main findings are
discussed as follows;
1. All houses in the village have some probability of suffering minor
damage. The highest number of minor damaged houses is 575 and the
average number from the maximum measurement is 530. The
difference between them is a result of the increasing number of houses
in the village. This increase uses random formulae which results in
slightly different numbers for each iteration. Moreover, the mean
measurement indicates that in some weeks floods will not cause minor
damage to all the houses. The minor damage can be in the form of
damage to the walls, doors, or deposition of polluted silt from flood
waters in some parts of the houses. In the mean measurement, the
current model results in 57 minor damaged houses in a week. This
means that around 10% of the houses will suffer from minor damage
weekly. Based on these measurements, I can conclude that the flood
will be significant to the villagers in terms of minor damage to houses.
This is in line with an informal leader’s opinion about the need to save
money over the whole year to allow for the cost of house repair from
minor damage (Appendix X.118).
2. Unlike Total Number of Minor Damaged Houses, the villagers will
suffer from major damaged and collapsed houses in small numbers.
This is partly due to the characteristics of floods from the Bengawan
Solo River which take the form of overflow water (rather than flash
flooding). Moreover, the higher floods occur infrequently. Most of the
houses affected by these types of impacts are non-permanent houses.
This means that they are the most vulnerable houses to flooding in
terms of major damaged houses.
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Table 7.3 Model Output for Damage/Loss Indicator under Current
Conditions
Measurements
Variables
Unit Maximum Mean 95% LowerCI of Mean
95% Higher
CI of Mean
Highest  in a
week for 1,000
iterations
Total Number of
Minor Damaged
Houses
Unit 530.24 57.29 55.9 58.69 575.00
Total Number of
Major Damaged
Houses
Unit 51.22 0.76 0.74 0.78 109.00
Total Number of
Collapsed
Houses
Unit 22.72 0.30 0.28 0.31 68.00
Economic Losses
of Middle Income
Families
Rupiah
(IDR) 21,235,864.14 115,105.24 102,433.65 127,776.82 57,937,500.00
Economic Losses
of Low Income
Families
Rupiah
(IDR) 5,394,987.51 34,753.71 30,999.98 38,507.43 14,962,500.00
Economic Losses
of High Income
Families
Rupiah
(IDR) 4,420,729.27 25,987.62 23,031.44 28,943.81 13,875,000.00
3. For all the measurements in Table 7.3, the Total Number of
Collapsed Houses is half of the Total Number of Major Damaged
Houses. This indicates that the house construction should have a
significant influence in preventing adverse flood impacts. This finding is
compatible with the results outlined in point 2.
4. For the economic losses, the middle income families have the highest
compared to the other two types of families. Damage/loss results from
both damage to houses and property losses due to flood. The middle
income families who have semi-permanent houses have middle to high
probabilities of suffering from both major and minor damage due to
flooding. The cost of repair for both types of damage will be a lot more
expensive compared to the non-permanent houses. In addition, as
there is no Government Assistance for middle income families with
major and minor damaged houses, their savings become their major
source for repair of their houses. On the other hand, permanent
houses owned by high income families will only have minor damage
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problems and there is a low probability of having major damage. The
construction type of permanent houses makes them resilient to the
impact of floods.
7.2.3 Model Results on Recovery Indicator
Section 6.4 explained the sub indicators for Recovery. The sub indicators
include Number of Weeks for Villagers with Chronic Diseases, Number of
Weeks for Villagers in Evacuation Shelters, Number of Weeks for Repair
of Minor Damaged Houses, Number of Weeks for Repair of Major
Damaged Houses and Number of Weeks for Repair of Collapsed Houses.
Moreover, since the indicator is also about the villagers’ ability to recover,
variables related to savings can be incorporated with the Recovery Indicators.
These variables include Average Savings of Middle Income Families,
Average Savings of Low Income Families and Average Savings of High
Income Families. Tables 7.4 and 7.5 present model outputs relevant to the
Recovery Indicator. Based on these results, six main findings are discussed
as follows:
1. On average, villagers with chronic diseases will suffer for around seven
weeks. The longest period for villagers to suffer from chronic diseases
is about 40 weeks. The length of the recovery process depends on
several factors including availability of emergency facilities, the
duration of flood inundation and access to medical treatment.
2. The average period villagers will stay in the evacuation centre is about
9 weeks out of 1,000 weeks but the longest period will be 53 weeks. In
other words, where there is a probability of major floods occurring three
times in 1,000 weeks, each flood will cause the villagers to be
evacuated for around 17.7 weeks or 4.5 months. This situation reflects
the fact that the floods usually cause the villagers to remain in
evacuation shelters for about 3 to 6 months.
3. For the damaged houses, in general, the villagers can repair them if
there is no more inundation in the settlement area or if the flood height
is less than 2.3 meters. Other factors affecting the time for house repair
are availability of savings and government schemes for disaster
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assistance. Government Assistance will only be available for the
repair of non-permanent and semi-permanent houses. There will also
be special assistance for major damage to non-permanent houses for
which the inundation pattern will be the major driving factor. Therefore,
there is usually a delay of several weeks before work can begin on
repairing the damaged houses.
4. If houses receiving government assistance are excluded, as in point 3,
the major driving factors for house repair are availability of savings and
inundation height. In some cases villagers delay repairs because of
lack of savings while in other cases they simply wait for the right time to
repair. Comparing the various impacts of floods on the houses, the
longest time period for repair is for major damaged houses. This type
of damage has a moderate cost for repair. Therefore, in the case of
maximum measurement, the longest total time for recovery of major
damaged houses is 706 weeks out of 1,000 weeks. This means that
the major damaged houses will remain unrepaired for about 8.5
months in a year. On average, the total time for repair of major
damaged houses is 161 weeks or less than two months in a year.
5. In terms of the villagers’ savings, there is a significant gap between the
lowest and the highest savings amount for all types of families because
of flood. This savings’ pattern indicates that all three types of family do
not have a stable pattern of savings so are in need of extra income
support. Key informants explained that the villagers usually catch fish
in the swamp areas when they have no savings left. This practice is not
only undertaken by the low income earners but also by the high income
villagers. The floods have been identified as the main factor in
decreasing the high income group's savings.
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Table 7.4 Model Outputs for Recovery Indicator Specifically in Period of
Recovery under Current Conditions
Measurement
Variables Unit
Mean in
1,000
Weeks
Longest  in
1,000 Weeks
for 1,000
Iterations
Number of weeks for villagers
with chronic diseases Weeks 7.90 40.00
Number of weeks for villagers
in evacuation shelters Weeks 9.19 53.00
Number of weeks for minor
damage houses Weeks 159.01 584.00
Number of weeks for major
damage houses Weeks 161.46 706.00
Number of weeks for
collapsed houses Weeks 47.47 310.00
Table 7.5 Model Outputs for Recovery Indicator Specifically in Villagers’
Savings under Current Conditions
Measurement
Variables Unit
Minimum
(000)
Mean
(000)
Maximum
(000)
Highest
Average
Savings
(000)
Lowest
Average
Savings
(000)
Average
savings of
middle income
families
Rupiah
(IDR) -17,627.43 15,630.67 1,469.00 32,661.00
-
22,582.30
Average
savings of low
income families
Rupiah
(IDR) -4,377.50 3,115.98 1,155.57 4,600.54 -6,518.71
Average
savings of high
income families
Rupiah
(IDR) -4,588.00 24,033.66 9,218.80 66,405.50
-
11,671.10
6. In terms of the minimum and lowest average savings measurements,
the middle income families have the lowest savings compared to the
other two family types (low and high income families). This occurs
because middle income families experience the biggest losses.
However, for low income families, the lack of economic resources
means they have more difficulties in the recovery process compared to
the middle income families. Therefore, in the mean measurement, the
low income families have the lowest savings compared to middle and
high income families.
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7.3 Sensitivity Analysis on the Current Model
In understanding model behaviour, one of the validating tools commonly used
is sensitivity analysis. Sterman (2000) uses values from a sensitivity analysis
to define the robustness of a model. He explains that the analysis involves
changing one or more variables (one at a time or all at a time) to assess
changes to the model’s output. The comparison of output before and after
changing variables is important for assessing the robustness of the model.
Some modifications to the model may be required after conducting the
sensitivity analysis to make the model robust and consequently more reliable
for policy-making.
I conduct sensitivity analysis differently for quantitative and qualitative
variables. In general, I change values of tested variables, and then simulate
the model for 1,000 iterations. Specifically, I make ±10% changes on the
tested quantitative variables in each sensitivity test. For qualitative variables, I
make an extreme condition of low and high performances. The extreme low
condition is indicated by a value of one and the extreme high condition is
indicated by a value of five. The index of changes can be calculated by the
formula below (Brugnach, 2005). Since the changes in quantitative variables
are different compared to the changes in qualitative variables, the indices of
the two groups are not comparable.
Sensitivity Index = ([It+1 – It]/ It) / ([Tt+1 – Tt]/Tt)
Where:
It+1 = Model output in vulnerability sub indicators after changing value
of tested variable
It = Model output in vulnerability sub indicators before changing
value of tested variable
Tt+1 = Model output in tested variable after changing value of tested
variable
Tt = Model output in tested variable before changing value of tested
variable
For each simulation’s result, I select all vulnerability sub indicators in order to
identify the effects of changes in the value of tested variables. For every
vulnerability sub indicator, I use the same measurements outlined in Section
6.3. Therefore, the following sub-sections (7.2.1 to 7.2.3) will discuss the
sensitivity indices for each of the vulnerability sub indicators.
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7.3.1 Sensitivity Analysis on Victims Indicator
Changing the tested variables to ± 10% of current values then running the
model for 1,000 iterations, results in the sensitivity index for the Victims
Indicator shown in Figure 7.3. This figure shows sensitivity indices for a
selection of tested variables influencing the Indicator. A complete table is
provided in Appendix XIV. Seven main conclusions can be drawn from the
models based on the sensitivity analysis:
1. Weekly Water Discharge from Upstream is a key variable in
minimising all sub indicators in the Victims Indicator. The sensitivity
index indicates a relative value of change on variables as a result of
changes to other variables. The sensitivity of variables of Weekly
Water discharge from Upstream to Victims Sub indicator, on
average, resulted in the index values of 23 for increases in the variable
and -8 for decreases. This means that increases to variables leads to a
23 times increase to the Victims Sub indicator and decreases to the
variable will lead to 88 times decrease on the sub indicator. The water
discharged is a result of rainfall intensity, coverage of catchment areas
and land use composition. Since rainfall and coverage of catchment
areas are fixed factors in this context, land use composition is the main
factor in changing the variable for Weekly Water Discharge from
Upstream.
2. Unlike Weekly Water Discharge from Upstream, the discharge from
LC-10 is not sensitive to the Victims Sub indicator. The sensitivity of
the variable Weekly Water Discharge from LC-10 to the Victim Sub
Indictor results in a relative value of less than one. This indicates that
the changes to the variable will not significantly change the variables in
Victim Sub indicator. The main reasons for this result are: 1) The LC-
10 catchment area represents a small section of the greater catchment
area (only 2.18% of the total area); 2) Only 4.1% of the LC-10 is
covered by built up areas resulting in a small amount of run-off water in
the catchment area. Those two reasons cause the Weekly Water
Discharge from LC-10 to be much smaller than the Weekly Water
Discharge from Upstream. Therefore, the effect of changes on the
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Weekly Water Discharge from LC-10 will not significantly impact on
the Victims Indicator.
3. The variables of Weekly Water Discharge Caused by Collapsed
Embankment, Weekly Returning Water Spilled from Plain and
River Capacity are vital since they directly affect the inundation height.
Their sensitivity indices reflect the importance of those three variables.
This is in line with key informants’ explanations of the need for
infrastructure programs. Most of the key informants believe that
infrastructure programs can prevent flooding completely. Logically, the
inundation height will be directly affected by the availability of flood
infrastructure. Conversely, for the variables of River Capacity and
Weekly Returning Water Spilled from the Plain, the effect of these
variables on maximum measurements for the Victims’ Indicator is less
than their effect on mean measurements. River Capacity is mainly
influenced by Embankment Height while Weekly Returning Water
Spill from the Plain is mainly a result of changes to the drainage
system.
4. Testing the sensitivity of some variables revealed counter-intuitive
results. While Local Water Discharged to the Plains appears to be a
sensitive variable, the direction of the change is counter-intuitive. This
indicates that other variables must be driving the change.  Since the
flood sub model is in integrated catchment areas between Upstream
and LC-10, the changes variables in LC-10 system (including the Local
Water Discharged to the Plains variable) will not only change
variables in LC-10 system but also other variables related to the whole
system in my flood sub model. In addition, the small amount of LC-10
compared to the total catchment areas may decrease the degree of
influence of the local system compared to the whole system in the flood
sub model.  In this case, the increases in Local Water Discharge
from LC-10 will directly affect the flood height increases. Since it is a
result of the local system, the effect of increases to Victims Indicator
will not be significant. In the same case, the increases on this variable
will decrease water volume in the river. From the model, we can see
that local water discharge from LC-10 comes from the water in Jabung
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Swamp Areas. This area is an accumulation of water discharge from
the main river. Discharging water in this area will increase the
probability of water in the river flowing into this area. In the current
system, without any infrastructure in the swamp area, the flowing water
depended on water levels in three locations: the river, the swamp areas
and the plain. As a result, the flowing water from swamps to the plain
(by increasing the Local Water Discharge from LC-10) will decrease
the amount of water in the swamps. Consequently, water will flow
water from the river to the swamps. This flow will decrease the amount
of water in the river. The decrease in the amount of water in the river
will decrease the probability of floods via spillover (Variable of Weekly
Water Discharge to the Plain from the River) and collapsed
embankment (Variable of Weekly Water Discharge Caused by
Collapsed Embankment). These two causes of flooding is part of the
larger system in the flood sub model. Therefore, the decreases of flood
probability on those two variables will affect more significantly to the
Victims Indicator compared to the increased flood due to the increases
in Local Water Discharge from LC-10.
5. Another sensitive variable is the Availability of Emergency Facilities.
Figure 7.3 shows that the Availability of Emergency Facilities
influences the Number of Villagers with Chronic Diseases
proportionally and the Number of Evacuated Villagers
disproportionally (inverse relationship). This means that better facilities
will result in a better response to floods. This better response will
increase the success of emergency responses including the Number
of Evacuated Villagers. Therefore, the Number of Evacuated
Villagers will be higher when there is a better response. Consequently,
villagers will experience improved support in emergency situations. As
a result, the manifestation of chronic diseases which leads to the
Number of Villagers with Chronic Diseases can be minimised with
better support in emergency situations during floods.
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Figure 7.3 Sensitivity indices for Victims Indicator. The X axis indicates the
percentage of changes and the Y axis represents the
vulnerability indicators. The figures reveal the most sensitive
variables in the model as measured by victim sub-indicators
Weekly Water Discharge from upstream is the most sensitive
variable for both increases and decreases in the variable. An
index of 1 means that when the variable is increased by 10%, the
indicator increases by 10%. In addition, an index of -1 means that
when the variable is increased by 10%, the indicator decreases
by 10%.
Note A = the effects on the increases of tested variables on victims sub
indicators.
B = the effects on the decreases of tested variables on victims sub
indicators.
A
B
IndÉx of changÉs
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7.3.2 Sensitivity Analysis on Damage/Losses Indicator
I repeat the process outlined in Section 7.2.1 for sensitivity analysis for the
Damage/Losses Indicator by changing variables by ± 10% of current values
and then run the model for 1,000 iterations. The main results of this analysis
are shown in Figure 7.4. A complete table is provided in Appendix XV. Five
important conclusions can be drawn from this analysis:
1. The effects of variables of Weekly Water Discharge from Upstream,
Weekly Water Discharge from LC -10, Weekly Returning Water
Spilled from Plain and the Weekly Water Discharge Caused by
Collapsed Embankment on the Damage/Losses Indicator were
similarly sensitive to the analysis for the Victims Indicator.
2. The River Capacity variable is sensitive for selected sub indicators
such as Total Number of Collapsed Houses and Total Number of
Major Damaged Houses. The inverse relationships indicate that the
increase in river capacity will decrease the impacts of floods on the sub
indicators.
3. The variables of Early Warning System Procedures, Availability of
Emergency Facilities and Involvement of External Parties are
sensitive variables for specific sub indicators related to economic
losses. The Early Warning System Procedures is important for all
sub indicators of economic losses while others are important for only
the extreme floods (maximum measurement). For the Availability of
Emergency Facilities, the major floods will cause significant loss of
houses resulting in significant property losses. Both types of loss will
be reflected in the amount of economic loss for every household. In this
situation, the changes in the variables will change the amount of loss.
In major floods, the involvement and roles of external parties are more
significant.
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Figure 7.4 Sensitivity indices for Damage/Losses Indicator. The X axis
indicates the percentage of changes and the Y axis represents
the vulnerability indicators.  The figures show the sensitive
variables for Damage/Losses Indicator. Weekly water discharge
from upstream (dark blue bar) is one of the most sensitive
variables both in increases and decreases. An index of 1 means
that when the variable is increased by 10%, the indicator
increases by 10%. In addition, an index of -1 means that when the
variable is increased by 10%, the indicator decreases by 10%.
Note A = the effects on the increases of tested variables to damage/losses
sub indicators.
B = the effects on the decreases of tested variables to damage/losses
sub indicators.
A
B
IndÉx of changÉsIndÉx of changÉs
IndÉx of changÉs
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4. The changes to variables of Aquaculture Harvesting and Paddy
Harvesting are sensitive in the model, particularly for the Total
Number of Major Damaged Houses variable. The changes in these
two variables will significantly change the average villagers' savings.
Since repair of major damaged houses depends on the villagers’
savings, the changes in savings will affect the total number of major
damaged houses.
5. The changes in the Costs of Paddy and Costs of Aquaculture will
also have a similar effect on the changes described in point 4 but in a
different way. They have a proportional relationship while the variables
in point 4 have an inverse relationship to the sub indicators.
7.3.3 Sensitivity Analysis on Recovery Indicator
The same process outlined in Section 7.2.1 was applied to develop sensitivity
indices for the Recovery Indicator.  Figure 7.5 shows sensitivity indices for
selected variables for all sub indicators in the Recovery Indicator. A complete
table is provided in Appendix XVI. Three important conclusions are drawn
from this exercise:
1. The effects of the variables of Weekly Water Discharge from
Upstream, Weekly Returning Water Spilled from Plain, River
Capacity and the Weekly Water Discharge Caused by Collapsed
Embankment on the Recovery Indicator were similarly sensitive to the
analysis for the Victims Indicator.
2. Asymmetrical results for Communication Intensity variables also
occur in the Recovery Indicator. The variable has no influence on the
maximum value (5) but has significant influence on the minimum value
(1). This means that current performance on the variable is already
high and the variable is still sensitive to the Recovery Indicator. The
variable is sensitive to the Number of Weeks for Evacuated Villagers
and the Number of Weeks for Villagers with Chronic Diseases. The
negative values indicate an inverse relationship between
communication intensity and sub indicators for Recovery.
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Figure 7.5 Sensitivity indices for Recovery Indicator. The X axis indicates
the percentage of changes and the Y axis represents the
vulnerability indicators. The figures show the sensitive variables
for Recovery Indicator. Weekly water discharge from upstream is
one of the most sensitive variables both in increases and
decreases. An index of 1 means that when the variable is
increased by 10%, the indicator increases by 10%. In addition, an
index of -1 means that when the variable is increased by 10%, the
indicator decreases by 10%.
Note A = the effects on the increases of tested variables to recovery sub
indicators.
B = the effects on the decreases of tested variables to recovery sub
indicators.
A
B
IndÉx of changÉs
IndÉx of changÉs
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3. Another interesting finding is the influence of the Availability of
Emergency Facilities variable. This variable is very sensitive to the
sub indicators of Number of Weeks for Villagers with Chronic
Diseases and Number of Weeks for Evacuated Villagers. Both
variables influence the number of impacted villagers. As a result, the
decrease in the number of affected villagers will consequently
decrease the number of weeks of suffering (from chronic disease and
being evacuated).
7.4 Assessing Proposed Adaptations based on
Proactive Adaptation Scenarios
Assessing proactive adaptations requires making some changes to the model.
These can take the form of changing the model structure, changing values on
relevant variables or changing decision rules (Sterman, 2000). Section 5.3.2
defines relevant proactive adaptations that influence vulnerability factors in my
case study. Each adaptation will have different consequences for specific
variables in my model. Table 7.6 shows the changes in values from current to
proactive adaptations.  The following is an explanation of how the adaptations
were quantified:
1. The adaptation of increase in productivity will be conducted by directly
increasing the value for the variable of villagers’ productivity. For example,
the productivity of paddy farmers can be increased by improving their
farming system allowing villagers to earn more money in the future. Since
there are various categories of villagers’ occupation, the adaptation will
require equal changes for each type of occupation. Therefore, I changed
the four types of variables with +10% as shown in Table 7.6.
2. The insurance promotion adaptation requires an amendment to the model
structure to represent the insurance mechanism (as shown in Figure 7.6).
The variable of insurance policy holder acts like an on-off switch for the
insurance model structure that influences sub indicators of vulnerability.
Since no villagers involved in the study hold insurance policies, the
current value of the variable of insurance policy holders is zero. This
means that the insurance sub model structure will not influence current
vulnerability sub indicators.
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Figure 7.6 Insurance Mechanisms in the Model. Structure A builds a
signalling mechanism in starting house repairs based on the
inundation pattern. Variables in Structure A are directly linked to
the House Sub Model. Structure B builds a mechanism in giving
the insurance benefits to the families and charging the insurance
premium to the families. Variables in Structure B are directly
linked to the Savings Sub Model.
3. The adaptation of alternative sources of income will increase the Extra
Income variable. The extra income functions to fulfil villagers’ basic needs
in the case of negative savings. It provides an alternative source of
income to their main occupation. Since the Average Income of Middle
Income Families is Rp. 210,000, the maximum value of the alternative
income variable will not exceed this amount. Logically, if the extra income
is more than Rp. 210,000, villagers will change the occupation to their
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second alternative. Therefore, I allow a maximum of Rp. 210,000 for the
average extra income in proactive adaptations.
4. The cash transfer program is one of the National Government’s policies to
alleviate poverty in Indonesia and is introduced as a new variable in the
model (Cash Transfer from Government). The program has been
changed from time to time to adapt to the changing economic situation
(Iqbal, 2008 and http://www.jamsosindonesia.com/english, 2010). To
begin with, the government gave cash to people living in poor conditions
but it later changed the approach to providing a subsidy for poor people to
access some of the government's programs. For the purpose of
modelling, I assume that the program gives cash to poor households.
Since the average income of poor households in my case study is Rp
150,000.00 to Rp. 200,000.00 per week, I set the proactive adaptation at
Rp. 75,000 per week. Therefore, the amount of money applied in this
adaptation is based on the current condition of the poor households.
5. Reforestation can take one of two forms: converting non-forest land use
types or replanting the forest. Within this scenario, I will only test
reforestation that increases the forest areas by 10%. The increase in
forest areas assumes a reduction in the residential areas and paddy fields
by 5% each. Therefore, the total land use composition is still 100%.
6. The adaptation of better house construction involves improving some of
the villagers’ houses. This represents a new approach to adaptation in the
community that is not dependent on the villagers’ savings. External aid
(from government or NGOs) offers a realistic approach to implementing
this adaptation and non-permanent houses are an appropriate target.
Improving non-permanent houses will change the houses into semi-
permanent ones so in this scenario, I change the non-permanent houses
to semi-permanent houses. The decrease in the percentage of non-
permanent houses will increase the percentage of semi-permanent
houses. The value of 10% will be the rule of thumb for this case.
7. The adaptation of relocation involves moving houses to higher ground. It
is applied for all three types of houses. Because I set an accumulation
formula for each class of house based on their elevation, a decrease in
one class will move the houses to the next class (1 metre higher elevation
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area). The house relocation also results in relocating the villagers.
Therefore, there are four variables for which the value decreases by 10%
(as shown in Table 7.6).
8. The adaptation of flood infrastructure redevelopment has consequences
for the capacity of flood infrastructure. The two main types of flood
infrastructure in my case study are drainage system and embankment.
Since the rule of thumb for the total changes to variables in one
adaptation is 10%, the total increase in both infrastructure variables will be
10%. I therefore set the increase for each type of infrastructure at 5%.
Based on the changes listed above, I simulate the model for every adaptation
scenario over 1,000 iterations. The same measurements in Section 6.3 are
applied in this case to identify the effects of each adaptation on vulnerability
sub indicators. The following sections will discuss the results of the simulation
for each vulnerability indicator.
Table 7.6 Definition of Proactive Adaptations in the Changed Variables
Proactive
Adaptations Changed Variables
Current
Value Changed values to
Making disaster
trials
1. Attitude to Disaster and Disaster
Management DV 5
2. Local Knowledge DV 5
3. Involvement of Volunteers DV 5
4. Lamongan Municipal Government’s
Coordination DV 5
Improving the
quality of
municipal
disaster unit
1. Provincial Government Stock for
Disaster Assistance DV 5
2. Municipal Government Policies DV 5
3. Availability of Emergency Facilities DV 5
Building social
networking
means
maximising the
effectiveness of
changed
variables
1. Information Centre DV 5
2. Involvement of Mass Media DV 5
3. Communication Intensity DV 5
Increasing the
income level of
community
1. Production Value of Paddy 2e+007 (2e+007)*110%
2. Production Value of Aquaculture 2.5e+007 (2.5e+007)*110%
3. Wage (2e+006/4) (2e+006/4)*110%
4.Sales Profit for Low Income Traders,
Sales Profit for Middle Income
Traders and Sales Profit for High
Income Traders DV +10%
Promote Insurance Involvement 0 1
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Proactive
Adaptations Changed Variables
Current
Value Changed values to
insurance
Alternative
source of
income Extra Income 185,000 210,000
Cash transfer
program Cash Transfer from Government 0 75,000
Reforestation 1.   Portion of a Specific Area Covered
by Residential housing 30.4 30.4- (30.4*5%)
2.   Portion of a Specific Area Covered
by Paddy Fields 19.8 19.8- (19.8*5%)
3.   Portion of a Specific Area Covered
by Forest 15.5
15.5+(30.4*5%)+
(19.8*5%)
Better house
construction
1. Initial Number of Non-Permanent
Houses 269 269- (269*10%)
2. Initial Number of Semi-Permanent
Houses for Low Income Group 0 (269*10%)
Relocation 1. Number of Villagers Living in
Areas with Elevation of up to 7 m DV -10%
2. Number of Permanent Houses
Located below 7 m DV -10%
3. Number of Non-Permanent
Houses Located below 7 m DV -10%
4. Number of Semi-Permanent
Houses Located below 7 m DV -10%
Flood
infrastructure
redevelopment
1.  Capacity of Drainage System 3.39e+007 (3.39e+007)*105%
2.  Embankment Height 5.89 5.89*105%
Note: DV = Depends on the interactions between influential variables in
current model
7.4.1 Assessing the Effectiveness of Proposed
Adaptations on Victims Indicator
This section compares the model outputs from the current model with those
from a new version of the model that applies proactive adaptation scenarios in
terms of how they affect the Victims Indicator. The percentage of changes in
every measurement for each sub indicator in the Victims Indicator will be used
to evaluate the effectiveness of adaptations. I also use the model outputs from
the sensitivity analysis to support my findings. The key findings, provided in
Figure 7.7 (a complete result is provided in Appendix XVII), are summarised in
the following points:
1. The impacts of proposed adaptations on the Victims Indicator are
varied. Reforestation and infrastructure redevelopment influence all the
sub indicators in the Victims Indicator and are the two most highly
effective adaptations in my case study. Other adaptations such as
188
relocation, promoting better house construction and building a better
municipal disaster unit will have some effects on specific sub
indicators. The rest of the adaptations have no significant effect on the
Victims Indicator.
2. Reforestation and flood infrastructure redevelopment have significant
effects on all sub indicators for Victims, decreasing the inundation
height in the village significantly. Reforestation is more effective than
infrastructure redevelopment in minimising the impact of flood on all of
the sub indicators (as shown in Figure 7.6). Model outputs for both are
in line with the sensitivity analysis results for Weekly Water Discharge
from Upstream, the Weekly Water Discharge Caused by Collapsed
Embankment and Weekly Returning Water Spilled from Plain.
Reforestation will decrease the Weekly Water Discharge from
Upstream while flood infrastructure regulates water both in the plain
and in the river. Reforestation will increase the amount of green open
space as well as the density of trees. Both of these effects will increase
the amount of rainfall infiltration to the soil. This increase in infiltration
will reduce the run-off water which in turn reduces the amount of water
in the plain and river. Consequently, there will be a reduction in the
scale of inundation. Infrastructure redevelopment will not reduce the
amount of water but will manage the flowing water. The increase in
Embankment Height will increase the River Capacity while the
increase in Capacity of Drainage System will increase Weekly Water
Discharge Back to the River. Both effects are important to allow the
water to flow back to the estuary without any adverse impacts.
3. Relocation will only have an impact on decreasing the variables of
Number of Evacuated Villagers and Number of Impacted Villagers.
Relocation will move the villagers to higher ground. As a consequence,
with the same flood pattern, the flood impacts on relocated houses and
villagers will be lower, resulting in a decrease in the number of affected
and evacuated villagers.
4. Improving the quality of the Municipal Disaster Unit will significantly
decrease the Number of Villagers with Chronic Diseases and
maximise the value of Availability of Emergency Facilities. The
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highest performance of emergency facilities will increase the success
of the evacuation process and increase the number of evacuated
villagers. As a consequence, there will be a decrease in the variable of
Number of Villagers Staying at Home during a flood. This reduced
number will also reduce the probability of villagers becoming sick from
chronic disease.
5. Two adaptations - making disaster trials and building social networking
- are not found to be important adaptations for my case study based on
this model. This is explained by the fact that the villagers already have
the highest possible performance on these variables. Therefore,
artificially increasing the value of this variable will not result in any
changes to the indicator. This is in line with the result of the sensitivity
test for local activists’ participation for disaster trials adaptation and
communication intensity for building social networking adaptation
(Appendix XVI).
7.4.2 Assessing the Effectiveness of Proposed
Adaptations on Damage/Losses Indicator
This section compares the outputs from the current model with the outputs
from the model applying proactive adaptations scenarios in terms of the
Damage/Losses Indicator. The percentage of changes in every measurement
for each sub indicator for the Damage/Losses Indicator will be used to
evaluate the effectiveness of adaptations. I also use the model outputs from
the sensitivity analysis to support my findings. The key findings, provided in
Figure 7.8 (a complete model result is provided in Appendix XVIII), are
summarised in the following points:
1. The effectiveness of adaptations in minimising damage/losses from
flood is varied. Reforestation and flood infrastructure redevelopment
are the two most highly effective adaptations for reducing all types of
sub indicators for Damage/Losses. The next most effective group of
adaptations includes relocation and improving the quality of the
municipal disaster unit. Some adaptations improve some of the sub
indicators while causing negative impacts to other sub indicators.
These are promoting better house construction, increasing income
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level, applying insurance to the villagers, providing alternative sources
of income and the cash transfer program. The only adaptations with no
effect on any sub indicators related to Damage/Losses are making
disaster trials and improving social networking.
Figure 7.7 Model output for percentage change to Victims Indicator as a
result of proactive adaptations. The figure shows that the
impacts of reforestation and flood infrastructure redevelopment
are significant in decreasing all sub indicators (indicated by
similar long bars in each adaptation). A 10% change on the figure
indicates the amount of changes to sub indicators due to
changes on variables related to the application of proactive
adaptation. The higher values on the mean measurement
compared to the maximum measurement indicates that the
adaptation is more effective in reducing sub indicators in the
average probabilities of floods rather than in maximum
probabilities. The maximum probabilities capture the
probabilities of extreme floods in the village.
mÉrcÉntagÉ of changÉs
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2. Reforestation and flood infrastructure redevelopment have significant
effects on all sub indicators except the Total Number of Minor
Damaged Houses in maximum measurement. Similar to the analysis
in Victims Indicator, reforestation is more effective than infrastructure
redevelopment for minimising the impacts of floods on all sub
indicators for Damage/Losses.
3. Relocation and improving the quality of the municipal disaster unit are
also important adaptations for avoiding adverse impacts in the form of
major damaged houses and collapsed houses. Relocating the villagers
and houses will reduce the scale of the flood impact compared with
current situations. The lower flood impacts result in a decrease in the
impacts of floods in sub indicators for Damage/Losses. In addition, the
improvement in the quality of the municipal disaster unit will also
effectively reduce the impacts of floods on sub indicators in
Damage/Losses. Improving the disaster unit will improve government
responses to the floods in emergency situations which then decreases
the villagers’ economic losses. This will also deliver improved disaster
assistance increasing the total number of collapsed houses repaired.
4. Not all adaptations have positive effects on all sub indicators in
Damage/Losses.  Some adaptations can reduce some sub indicators
but also increase others. For example, promoting better construction
can significantly reduce the Economic Losses of Low Income
Families with Semi-Permanent Houses as a better house
construction is more resilient to floods. As a result, the economic
losses for this low income family group will be less than the low income
family in the normal condition (with non-permanent houses). However,
at the same time the addition of semi-permanent houses for low
income earners will increase the number of damaged houses. One of
the reasons for this is that low income earners will have difficulties in
repairing the damaged houses because they lack the economic
capacity. The other reason is that government assistance does not
apply to semi-permanent houses so the villagers would have to cover
the high cost of repair from their own savings. The low income families
who have semi-permanent houses would face major difficulties since
192
they would not have adequate savings to repair the damage. As a
result, the number of houses suffering major damage increases as
does the period for recovery.
Figure 7.8 Model outputs for proactive adaptations on Damage/Losses
Indicator. The figure shows that the impacts of reforestation and
flood infrastructure redevelopment are significant in decreasing
all sub indicators (indicated by similar long bars in each
adaptation). A 10% change on the figure indicates the amount of
changes to sub indicators due to changes on variables related to
the application of proactive adaptation. The higher values on
mean measurement compared to the maximum measurement
indicates that the adaptation is more effective in reducing sub
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indicators in the average probabilities of floods rather than in
maximum probabilities. The maximum probabilities capture the
probabilities of extreme floods in the village.
5. Other adaptations that affect sub indicators in Damage/Losses in
contradictory ways are increases in productivity, promoting insurance
to the villagers, providing alternative sources of income and the cash
transfer program. All of these adaptations result in providing funds to
the villagers to increase their savings. This will speed up the repair
work on the houses and will consequently decrease the number of
damaged houses. On the other hand, the more rapid repair of houses
will increase the number of houses that can be damaged in the next
flood. Therefore, the villagers will suffer more damage/losses as a
result of these types of adaptations. In conclusion, the adaptations
should be followed by other adaptations, such as increasing villagers’
income and creating special government assistance for this type of
family to ensure that initial improvements can be maintained.
6. Within my case study context, the adaptations of making disaster trials
and improving social networking are insignificant. The main reason for
this is that current performance on the causal variables such as
Attitude to Disaster and Disaster Management and
Communication Intensity is already adequate. This is in line with the
results of the sensitivity analysis for Communication Intensity
(Appendix XVII).
7.4.3 Assessing the Effectiveness of Proposed
Adaptations on Recovery Indicator
This section compares outputs from the current model with those from the
model applying proactive adaptations scenarios in terms of the Recovery
Indicator. The percentage of change in every measurement for each sub
indicator for the Recovery Indicator will be used to evaluate the effectiveness
of adaptations. I also use the model outputs from the sensitivity analysis to
support my findings. The key findings, provided in Figure 7.9 (a complete
model result is provided in Appendix XIX), are summarised in the following
points:
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1. Reforestation and flood infrastructure redevelopment are the two most
effective adaptations for all types of Recovery Indicators. The next
most effective adaptations, influencing a selection of the sub indicators
are relocation, promoting better house construction, improving the
quality of the municipal disaster unit, increasing income level, applying
insurance to the villagers, providing alternative source of income and
cash transfer program. The adaptations that were not significant for
reducing the Recovery Indicator included disaster trials and improving
social networking.
2. Similar to the Victim and Damage/Losses indicators, reforestation and
flood infrastructure redevelopment are the most significant adaptations
for the Recovery Indicator. Reforestation is also more effective than
the infrastructure redevelopment in minimising the impacts of floods on
the Recovery Indicator. These two adaptations can also increase
villagers’ savings. The decrease on variables related to damaged
houses allows villagers the opportunity to have less expenditure for
repair or less property losses. Consequently, villagers will have more
savings. Since buying more land is the main way of savings in the
village, the increase in savings will also increase villagers’ land
ownership. As a result, the increase in land ownership will also be the
main factor for further increases in villagers’ savings.
3. The adaptation of promoting better house construction is particularly
significant in increasing low income villagers’ economic capacity. The
increase in economic capacity will in turn reduce the length of time for
repair of major damaged houses.
4. The relocation adaptation will decrease the impact of similar size
floods. Therefore, it will decrease the number of weeks for repair of
major damaged houses but, at the same time, it will increase the
number of weeks for repair of minor damaged houses. The reduced
scale of impact will then result in an increase in the mean savings level
for middle income families. On the other hand, the increased time for
repair of major damaged houses mainly depends on the repair process
for semi-permanent houses. Major damaged non-permanent houses
will receive government assistance; however, there is also a small
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number of major damaged permanent houses. Consequently, within
this model’s outputs, the middle income family savings will have a
significant effect on the repair of major damaged houses. Therefore,
the increase in the savings will eventually speed the recovery process.
5. Improving the quality of the disaster unit will improve most of the sub
indicators for Recovery except the Number of Weeks for Villagers in
Evacuation Shelters and the Average Savings of High Income
Families. For the evacuated villagers, the time taken to return home
depends on the duration of inundation. Since there is no change in the
inundation pattern in this adaptation, the government unit’s
improvement will not reduce the duration of the evacuation. The
improvement to the unit will not directly influence the savings for the
high income group because the government aid scheme excludes high
income families. The limited government capacity becomes the main
reason for the number of beneficiaries of government assistance. For
other sub indicators in the recovery process, the adaptation will reduce
the duration of damaged houses. The reduced period for damaged
houses can increase the average savings of the villagers. Further, the
Number of Weeks for Villagers with Chronic Disease will be
effectively reduced by improving the unit. Therefore, improvement in
the municipal disaster unit in my case study context is an important
adaptation for policy consideration.
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Figure 7.9 Model outputs of proactive adaptations on Recovery Indicator. The figure shows that the impacts of reforestation and flood
infrastructure redevelopment are significant in decreasing all sub indicators (indicated by similar long bars in each
adaptation). A 10% change on the figure indicates the amount of changes to sub indicators due to changes on variables
related to the application of proactive adaptation. The higher values on mean measurement compared to the maximum
measurement indicates that the adaptation is more effective in reducing sub indicators in the average probabilities of
floods rather than in maximum probabilities. The maximum probabilities capture the probabilities of extreme floods in the
village.
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6. The adaptation of increase in productivity will significantly increase the
savings for all types of families. For all the three measurements, the
high income families get the greatest benefit from this scenario. The
ownership of land and other sources of economic resources are the
reason for a rapid increase in savings for high income families. The
increase in their savings will certainly reduce the time for house repair
and consequently reduce the Number of Weeks for Major Damaged
Houses.
7. Insurance will positively increase the savings for all three types of
families. In the case of a flood, the insurance company will cover the
villagers’ expenditure on house repairs. Consequently, the mechanism
will reduce the length of time needed for house repairs. Therefore, their
savings will recover quickly and can be used for both consumptive and
productive spending. The productive spending will in turn increase the
amount of savings for the villagers. As a result, this adaptation will
reduce the number of damaged houses for all the three types of
damaged houses as well as increase the savings for all the three types
of family.
8. The adaptation of providing an alternative source of income will slightly
increase the villagers’ savings except in the case of high income
families. The slight increase in savings for low and middle income
families will slightly reduce the time for villagers to repair their minor
damaged houses. As a result, the adaptation will also reduce the
Number of Weeks for Minor Damaged Houses slightly.
9. The cash transfer program will only affect the low income group in
increasing low income families’ savings significantly. As a
consequence, these families will have more capacity to repair minor
damaged houses and collapsed houses. Therefore the number of
weeks for minor damaged houses and collapsed houses will decrease.
In addition, the adaptation will also reduce the number of weeks that
houses will remain in a collapsed state. Even though the low income
families will have government assistance to rebuild the collapsed non-
permanent houses, the limited funds from the government may result in
a limited number of rebuilt houses. In the case of no funds being
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oupiah
available, sharing funds between the government and the house
owners will effectively rebuild the collapsed non-permanent houses.
Therefore, this adaptation which increases low income villagers’
savings will have a significant effect on reducing the Number of
Weeks for Collapsed Houses.
7.5 Policy Implications for the Application of Proactive
Adaptations under Current Condition
To draw out policy implications based on the model, I first explore the results
based on current conditions. This will include the findings on the current
vulnerability level, the sensitivity results and the effects of proactive
adaptations. These three sets of results are based on my understanding of the
key characteristics of community in the context of a dynamic and system
entity.
The model outputs indicate that the villagers who form the basis of my case
study have difficulties in their daily life coping with the floods. The model
outputs for inundation height show that the frequent floods affect the
community (Figures 7.1 and 7.2) but that the larger floods, which will occur at
least once in 20 years, have much more serious consequences for their
livelihoods (Figure 7.10). Over time, the floods have changed villagers' cultural
approach to their farming system (Appendices X.98, X.99 and X.103). The
floods also interrupt villagers’ daily activities as, in a flood situation, evacuation
and making an antru become the main daily activities of villagers.
Figure 7.10 Oscillating savings around zero from different iterations of the
model. The major floods decrease villagers’ savings significantly
under current conditions.
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The model output of villagers’ savings reveals the significant economic
consequences of floods. The savings variable for all income groups shown in
Figure 7.10 oscillates indicating the effects of floods, driven by damage to
houses, decreasing income and flooding properties. Therefore, the floods in
my case study clearly disrupt their daily lives in many aspects including this
financial aspect.
Although the floods disrupt villagers’ livelihoods, they prompt reactive
responses. A responses sub model highlights the role of past floods in my
case study such as: increasing the influential variables of Local Knowledge,
Lamongan Municipal Government’s Capacity and Level of Leadership of
Formal/Informal Leaders. The rural setting of my case study partly explains
the responses to the floods. Most villagers have a close relationship with other
villagers in such rural settings and the intense interaction among them
produces strong social networks. Consequently, the community exhibits a high
level of social capital in responding to any emergency in the village including
floods. Both the past experiences of floods and the high social capital are
reflected in several actions described by the key informants:  sounding a
warning of the coming flood, making an antru, social sanctions on inactive or
uncooperative villagers and diversity in the source of income particularly when
they have no savings. Since all of these are initiated in the event of a flood,
these actions are considered reactive adaptations.
The reactive adaptations in the face of threatening situations are not adequate
as disaster responses. From a disaster risk management (DRM) perspective,
reactive adaptations are classified as an emergency response which
constitutes only one of the stages in DRM (Shah Alam Khan, 2008; Moe et al.,
2007; FEMA, 2006; Atmanand, 2003). More proactive and integrated actions
are needed to improve the villagers’ responses to floods. From the model
outputs, the strong experiences of past floods and the high level of social
capital in my case study results in maximum performances in selected
variables related to the Responses Sub Model. The sensitivity results for the
variable of Communication Intensity show that maximising performance on
this (putting level 5 as their performance in every week) results in no changes
in the vulnerability sub indicators. On the other hand, minimising
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Communication Intensity (putting level 1 as their performance in every
week) results in lower values for the sub indicators than in the current value of
Communication Intensity. This type of sensitivity results indicates that, for
the current situation, villagers already have strong social interaction within the
community. A similar result also occurs for the variables of Local Activist’s
Participation, Areas’ Cleanliness and the Effectiveness of Medical
Treatments. These results are different from the results of the other 41
variables found to be sensitive in the model. Those 41 variables are present
not only in the responses sub model but also in six other sub models.
Therefore, there are more ways of improving the inadequate disaster
responses in my case study. The inadequate responses can also be seen in
the current vulnerability level as the results of the current simulation model
show that the villagers are still suffering from the flood. This is indicated by the
duration of damaged houses and in the oscillations of savings near to zero.
Consequently, they have low levels of resilience to floods and there is a need
to improve their responses.
Within the community responses, proactive forms of adaptation can be
implemented by drawing on government and external parties. In general,
disasters will disrupt the villagers’ daily lives leaving them powerless to
recover as recognised by UNISDR (2009). Consequently, the affected
communities will often need external involvement to help rebuild their lives.
External involvement can be from upper levels of government and civil society
organisations outside the affected areas such as NGOs, and members of
other communities. The assessment of the significance of improving the
quality of the municipal disaster unit shows that this type of proactive
adaptation effectively reduces several sub indicators of vulnerability such as
Number of Villagers with Chronic Diseases, Total Number of Collapsed
Houses, and Economic Losses of Middle Income Families, Economic
Losses of High Income Families and Economic Losses of Low Income
Families. The adaptation is also effective in reducing all sub indicators in the
Recovery Indicator. The results of improving the quality of the municipal
disaster unit indicate that the role of government is one of the most important
elements in improving disaster responses in my case study. It also shows that
the current level of government responses to floods is not adequate.
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The sensitivity result for the Involvement of External Parties also shows that
external involvement can reduce the vulnerability level. Conversely, the
assessment of the adaptation of building social networks results in insignificant
changes to vulnerability sub indicators. One of the reasons for this result is
that the adaptation of building social networks focuses only on spreading
information to the wider community. This adaptation only changes the
variables for Information Centre, Involvement of Mass Media and
Communication Intensity. On the other hand, the causal variables for the
Involvement of External Parties include government involvement as shown
in Figure 7.11. Therefore, the improvement on Involvement of External
Parties should be followed by an improvement in government capacity. This
strong link between government involvement and involvement of external
parties provides convincing evidence of their importance in disaster risk
management in my case study. Consequently, to improve responses to a
coming flood, a strong collaboration between community, governments at
different levels of administration and external parties is extremely necessary.
Figure 7.11 A causal diagram for the involvement of external parties in post-
flood disaster management. The involvement is influenced by
sympathetic emotions, the involvement of mass media and the
level of leadership of the leaders.
The incorporation of physical approaches to flood risk management can also
significantly contribute to the improvement of flood risk management in my
case study. Physical approaches include reforestation, better house
construction, relocation and flood infrastructure redevelopment. Two of these,
reforestation and flood infrastructure redevelopment, significantly reduce all
sub indicators for vulnerability because they can significantly decrease the
level of inundation in the village. For reforestation, the decrease in inundation
height is due to a decrease in water discharged to my case study area. The
infrastructure redevelopment lowers the inundation by increasing the capacity
to contain flood water. However, along with an increase in infrastructure
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comes an increase in the risk of infrastructure failure. Moreover, the
effectiveness of improved infrastructure is lower for the high floods compared
to the average floods (as shown in the model outputs). These two adaptations
are also the most significant for the rest of the proactive adaptations assessed.
For relocation in particular, the results of the adaptation assessment vary from
one sub indicator to the others. The main contribution of relocation is in
reducing the flood impacts on the major damaged and collapsed houses. This
reflects the fact that relocation can minimise the adverse impact of flooding,
particularly for annual floods. However, the villagers will still suffer minor
impacts from annual floods and major impacts from larger floods. For the
better house construction approach, it is clear that the adaptation is only
effective for targeted sub indicators. Since the targeted house improvement is
for low income earners, the major affected sub indicators for this adaptation
are the Total Number of Minor Damaged Houses, Total Number of
Collapsed Houses and Economic Losses for Low Income Families with
Semi-Permanent Houses. Especially for the major damaged houses, low
income villagers who have semi-permanent houses will be in a worse situation
than the low income villagers with non-permanent houses. Because no
government aid is provided for major damaged semi-permanent houses, the
better house construction approach will trap the low income villagers as they
lack funds to repair damages. Consequently, the improvement in houses
should be followed by an improvement in villagers’ economic conditions.
Community vulnerability to floods can also be reduced by introducing
economic-related adaptations. One key informant asserted the importance of
economic approaches in minimising the level of vulnerability (Appendix X.118).
He also campaigned for villagers to have a better source of extra income. The
extra income is important in particular for the situation where villagers have no
savings. In fact, the only extra income for the villagers available at present is
catching fish in the swamp. The assessments of proactive economic
adaptations resulted in various impacts on the vulnerability sub indicators. In
general, these adaptations reduce the number of damaged houses and the
duration of recovery processes. The main reason for this decrease is due to
the increase in villagers’ savings. On the other hand, the increase in economic
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capacity of villagers will also increase their economic losses. The adaptation of
promoting insurance to the villagers is the most effective adaptation of this
type followed by an increase in productivity. The insurance will instantly cover
or compensate villagers’ flood-related expenditures while the increase in
productivity will raise the villagers’ income. Consequently, the increase in
income will not immediately increase the economic capacity of villagers to
recover from a flood.  Increased income will also increase both the economic
losses and the level of spending. Therefore, there is a real chance of having
no savings in the case of a flood even where income has increased by 10%.
The cash transfer program is likely to be effective in supporting low income
villagers to respond to the flood. But again, this type of program will also
increase the economic losses of this group. In conclusion, the economic-
related measures are beneficial to the victims specifically in decreasing the
overall economic losses due to flood, but need to be accompanied by other
mechanisms, such as decreasing the threat of flood through reforestation or
flood infrastructure redevelopment, to ensure that the benefits are enduring.
Based on the explanation provided above, the success of every adaptation will
always depend on its effectiveness in minimising the inundation height. The
two highest ranking adaptations that directly minimise the inundation height
are reforestation and flood infrastructure redevelopment. Other adaptations
are important for minimising some sub indicators of vulnerability. For the future
scenario, I anticipate that climate change will affect my case study. The flood
threat in the future is predicted to increase as a result of climate change (as
discussed in Section 4.3) and this chapter has clearly demonstrated that the
flood height is the most critical factor affecting all vulnerability indicators. The
increasing floods under a climate change scenario will be discussed in
Chapter Eight. It is important to re-assess all proactive adaptations for the
future under a climate change scenario in order to discover how these
adaptations can most effectively reduce community vulnerability in a
sustainable manner.
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7.6 Limitations and Assumptions
Models always have limitations based on their underlying assumptions, as
Sterman (2000) implies in his statement that no models are perfectly represent
the reality and this is true for community vulnerability models. Although the
validity tests in Section 6.4 ensure that my model is robust enough for policy
formulations, some limitations and assumptions still exist. I therefore conclude
this chapter by reviewing these limitations in order to provide a more complete
understanding of the value and limitations of the model. I identify six limitations
as follows:
1. The rainfall data is gathered from nine gauging stations out of a total of
34 stations in the lower basin of the Bengawan Solo River. All the nine
gauging stations have complete rainfall data from 1975 to 1999.
2. Even though I applied varieties of random formulae for the monthly
rainfall for both of the areas (upstream and LC-10), the formulation of
each random formulae will still include errors. I used the Arena
Software Input Analyzer Tool to analyse the rainfall distribution pattern.
The analysis results in twelve probabilities of random distribution to
represent actual distribution on rainfall, such as: random beta, gamma
and weibull. The software can also prioritise the probabilities of random
distribution based on its value of square error. Ideally, the best-fit
random distribution which has the smallest square error is the chosen
random distribution for my model. However, not all the probabilities of
rainfall distribution are compatible with the model and some of the
best-fit rainfall distributions produce errors. Where the best-fit patterns
result in an error in the model, I use the second best-fit rainfall
distribution pattern to represent the actual pattern. Therefore, the
random formulae on rainfall can be made compatible with the model
and used to represent the actual data.
3. Every random formula will have triggering numbers (referred to as
seed numbers in modelling terms) resulting in varieties of model
outputs. The seed means the triggering numbers of probabilities in a
simulation. Different seeds for every simulation will cause different
patterns of probabilities in the model. Consequently, there will be some
probabilities of having different model outputs for the same time step.
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To allow for these kinds of model outputs, I run the model over 1,000
times to minimise noise on the random formulae. The average for
model outputs from 1,000 iterations will be used to compare one model
output to others.
4. In calculating water run-off, I use a run-off coefficient for selected land
use types from http://www.lmnoeng.com/Hydrology/rational.htm. A
detailed assessment on the ground to identify appropriate coefficients
for run-off will increase the robustness of the model. In addition, the
model can also be improved by defining the land use types in a
detailed area classification.
5. Most of the variables in the Responses sub model are qualitative.
Measuring qualitative variables in a quantitative manner may produce
other errors in the model. Therefore, I use performance indices for
every qualitative variable. The use of grounded theory in analysing the
stakeholders' opinions can also increase the confidence of the model.
6. Since there is no complete documentation of the impacts of past
floods, the formulae for defining the number of damaged houses are
established by considering available data together with key informants'
responses. The use of random formulae for these types of variables
also reflects the uncertainty of the floods' impacts on different types of
damaged houses.
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CHAPTER 8
ASSESSING KEY ADAPTATIONS UNDER
CLIMATE CHANGE SCENARIOS
8.1 Introduction
A key aim of this study is the development of tools to assess the effectiveness
of adaptations for reducing future vulnerability levels to flooding. Chapter 7
provided an assessment of current and proactive adaptations under current
conditions. Based on the assessment results in Chapter 7, I concluded that
proactive adaptations will make a significant contribution to enhancing the
effectiveness of disaster responses. However, future environmental conditions
also need to be taken into account.  In particular, extreme rainfall events are
predicted to increase under future climate change scenarios (Solomon et al.
2007; Olsson, Gidhagen, & Kawamura 2011 and Mullan, Mortlock & Fealy
2012). Any increase in rainfall will lead to an increase in the scale of floods in
my case study area in the future. As a consequence, the prioritisation of
effective adaptations discussed in Chapter 7 may need to be adjusted to
account for climate change. In this chapter I assess the effectiveness of both
current and proactive adaptations under future climate change scenarios. This
assessment will assist public policy-makers to select the most effective
adaptations for both the current and future situations.
To assess the adaptations under climate change scenarios, I begin by
explaining the selection of Global Climate Models (GCMs)13 that are best able
to predict rainfall for my community vulnerability model under a climate change
scenario (Section 8.1). I then apply the input from these rainfall predictions to
my model to predict future vulnerability levels under a climate change scenario
(Section 8.2). This allows for an assessment of the various adaptations under
such a scenario (Section 8.3). I then consider the policy implications and,
13GCMs is understood as Global Climate Models or General Circulation Models. Both
of them refer to the same modelling in understanding the effect of climate change.
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finally, reflect on the model’s limitations and assumptions in Sections 8.4 and
8.5.
8.2 Selecting Suitable GCMs for the Model
8.2.1 Six Suitable GCMs for the Australasia Context
Due to the existence of different approaches to modelling global climate
change, multiple models now exist. I reviewed twenty-four models developed
by seventeen research centres around the world. One of the main outputs of
these models is predictions of rainfall over different time-frames, in particular
1971-1999 (past prediction), 2040-2060 (near future prediction) and 2081-
2100 (far future prediction). Because each model uses different assumptions
and approaches they produce different outputs in terms of rainfall predictions.
An example of the different assumptions is provided by comparing the models
ECHAM 5 and HadCM3. The ECHAM 5 model incorporates an interactive
biogeochemistry process while the HadCM3 does not use this process.
Complete reviews of each of these models detailing their underlying
assumptions are provided by the Intergovernmental Panel for Climate Change
(IPCC) in the document of Program for Climate Model Diagnosis and
Intercomparison (2007).
It is clearly not feasible to incorporate climate change scenarios from all these
models in my community vulnerability model so I need to select the one that is
most relevant to my case study location. Since it is in East Java which is part
of Indonesia, the most suitable meso-level for the climate change model is
Australasia. Smith and Chandler (2010) have identified six GCMs as most
suitable for an Australia-wide context. These six models have been widely
assessed by the IPCC (Katzfey, McGregor, Nguyen & Thatcher, 2010) and
should therefore be reasonably robust.  I therefore include the six GCMs as
my model inputs for community vulnerability modelling in my case study which
are GFDLC2.1, GFDLCM 2.0, ECHAM 5, HadCM, Micro 3.2 and Mk 3.5.
8.2.2 GFDLCM2.0 GCM for the Model of Community
Vulnerability to Flooding in Centini Village
As it is still not feasible to draw on all six GCMs suitable for the Australasia
regional context for my own vulnerability modelling,  I assessed which of the
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six is the best fit for predicting rainfall in my case study site of Centini Village in
East Java. For this purpose the base model in Chapter 7 can be identified as
the BBBS Model since the main data sources are published by the Bengawan
Solo River Board (BBBS).
To select the most appropriate model out of the six under examination, I
applied the following four steps: 1) Enter the GCMs' model outputs on monthly
rainfall for the 1971-1999 period into the community vulnerability model. The
predicted rainfall will be classified into two categories: upstream and LC-10. 2)
Run the simulation for over 1,000 iterations to validate the community
vulnerability model’s outputs on inundation height in Centini Village. 3) Repeat
the same process for all six GCMs. 4) Compare model outputs for inundation
heights for each with the inundation height in the base model.
Based on the results of these simulations (Table 8.1), I concluded that the
best-fit model to the BBBS model is GFDLCM2.0. Since each model has
limitations, it is very hard to have a 100% match for any GCM to the BBBS
model.  A limitation of this process is that GCMs are meso-level models and
not designed for accurate prediction at the scale of a specific river basin. The
BBBS base model also has weaknesses due to the fact that rainfall data has
only been collected from nine out of the 32 gauging stations. Despite these
limitations, my major concern is with selecting the GCM that produces the
smallest difference to the base model. Table 8.2 shows the model outputs on
inundation height for each of the six GCMs. The two best-fits to the BBBS
model are GFDLCM2.0 and Mk 3.5. The GFDLCM2.0 has an advantage in
terms of its output for the maximum measurement and highest inundation over
1,000 iterations and 1,000 weeks (Table 8.1). On the other hand, the Mk3.5
has a close fit with BBBS only on the mean measurement (Table 8.1).
Therefore, I selected the GFDLCM2.0 model as the best-fit model to the BBBS
model.
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Table 8.1 Comparison of six Global Climate Models in terms of percentage
difference in Inundation Height in Centini Village from the Base
Model for Current Predictions (1971-1999).
No Types ofModel Mean Maximum
% of
Changes
on Mean
to the
Base
Model
% of
Changes
on
Maximum
to the Base
Model
Highest
Inunda-
tions
1 Base Model
(BBBS) 0.69 2.68 0.00 0.00 5.63
2 ECHAM 5 0.98 3.06 42.75 14.28 5.96
3 GFDLC 2.1 0.46 2.06 -32.33 -22.91 4.24
4 GFDLCM 2.0 0.88 2.76 27.64 3.20 5.66
5 Micro Medres 1.14 3.43 66.02 28.11 6.34
6 Mk 3.5 0.60 2.39 -12.39 -10.57 5.28
7 HaDCM 0.49 2.19 -28.39 -18.32 4.13
Having selected a GCM model, I then compared the Inundation Height in
Centini Village between current and future probabilities. The current
probabilities are from the model outputs of BBBS and GFDLCM2.0 for 1971-
1999 while the future probability is from the GFDLCM2.0 only for 2040-2060.
The prediction of future probability can be considered a near future scenario
for my model. Table 8.2 shows the comparison between predictions of
Inundation Height in Centini Village for the BBBS and GFDLCM2.0 model for
1971-1999 and the GFDLCM2.0 prediction for 2040-2060.
Table 8.2 Model Outputs Comparison of BBBS and GFDLCM 2.0 for 1971-
1999 and GFDLCM 2.0 Prediction for 2040-2060 on Inundation
Height.
No Types of Model Mean Maximum
% of
Changes
on Mean
% of
Changes
on
Maximum
Highest
Inundations
1 Base Model
(BBBS) 1971-
1999
0.69 2.68 0.00 0.00 5.63
2 GFDLCM 2.0
1971-1999 0.88 2.76 27.64 3.20 5.66
3 GFDLCM 2.0
2040-2060 to
Base Model
(BBBS) 1.03 2.90
49.55 8.30
6.25GFDLCM 2.0
2040-2060 to
GFDLCM 2.0
1971-1999
17.16 4.95
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The table shows that in the near future there will be an increase in inundation,
both in frequency and scale. There are significant increases in the mean
measurements and a slight increase in the maximum measurement. The
result indicates that, in the near future, there will more frequent inundations in
the village compared to the current time. The slight increase in the maximum
measurement will also increase the highest inundation from 5.66 m to 6.25 m.
While there are only two probabilities out of 1,000,000 of more than 6 meters
inundation height (as shown in Figure 8.1), the inundations will have
catastrophic impacts on the villagers. Figure 8.1 shows that rainfall prediction
for 2040-2060 will generate much higher inundation heights compared to
inundation based on actual rainfall data for 1971-1999. At these inundation
heights, both the village and the embankment will be completely covered by
water. In Centini Village the embankment is important as a location for
evacuation shelters during floods so this prediction for the near future will
result in considerable impact on the villagers.
8.3 Community Vulnerability Model Outputs under
Climate Change Scenario
In this section, I will compare my Vulnerability Model outputs for the current
time to the near future period using rainfall data predicted by GFDLCM2.0.
This comparison is important for understanding the scale of the impacts of
future floods under a climate change scenario. It takes the predicted rainfall
inputs for both periods from GFDLCM2.0 to ensure its consistency. The
following three sub sections will discuss this comparison in terms of the three
vulnerability indicators.
8.3.1 Comparison of Model Outputs for Victims
Indicators
Section 6.4 explained the sub indicators for Victims that are: Number of
Deaths, Number of Evacuated Villagers, Number of Impacted Villagers,
Number of Villagers with Minor Health Problems and Number of Villagers
with Chronic Diseases. Table 8.3 presents a comparison of the two time
periods for the sub indicators of Victims. Based on the table, four main
findings are discussed as follows:
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1. Since there will be a significant increase in the height of average
floods, there is consequently a considerable increase in the average
impacts of floods in all sub indicators of Victims.
Table 8.3 Model outputs for Victims Indicator comparing 1971-1999 with
2040-2060 using predicted rainfall from GFDLCM2.0
Parameters Unit Measurements
Model in
1971-
1999
Model in
2040-
2060
Changes
(%)
Number of Deaths Total
Person
in 1,000
weeks
Maximum 84 196 133.33
Mean 26 91.52 252.00
Number of
Evacuated Villagers
Person Maximum 1,772.12 1,874.45 5.77
Mean 47.95 156.14 225.63
Number of Villagers
with Minor Health
Problems
Person Maximum 1,031.93 1,000.29 -3.07
Mean 99.79 198.57 98.99
Number of
Impacted Villagers
Person Maximum 2,344.05 2,256.24 -3.75
Mean 235.62 432.9 83.73
Number of Villagers
with Chronic
Diseases
Person Maximum 0.53 0.6 13.21
Mean 0.01 0.02 100.00
2. The greatest increase is in the Number of Evacuated Villagers on the
mean measurement. There is also a considerable increase in the
Number of Villagers with Chronic Disease. Since the villagers will be
willing to be evacuated only during the high floods (more than 2.3
meters), the increase in Number of Evacuated Villagers is a result of
more frequent higher floods in the near future than at the current time.
3. For the current time, the average Number of Deaths is 26 villagers in
1,000 weeks’ simulation. This means that around one to two persons
will probably die annually due to floods. The maximum Number of
Deaths in 1,000 weeks is 84 villagers while the minimum is one person
in around 20 years. These death cases are the sum of the deaths
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occurring from all causes including during evacuation and at home. The
predictions for 2040-2060 are much greater than for 1977-1999. Both
the maximum and minimum numbers will increase by more than 100%
in the near future. This means that floods in the near future will be more
fatal.
4. There will be a decrease in the Number of Impacted Villagers and
Number of Villagers with Minor Health Problems. This is primarily
influenced by the increases in other variables including Number of
Deaths, Number of Evacuated Villagers and Number of Villagers
with Chronic Disease, all of which result in a decrease in the Number
of Villagers who Stay at Home. Since this is the main influential
variable for Number of Villagers with Minor Health Problems and
Number of Impacted Villagers, the decrease in the Number of
Villagers who Stay at Home will also decrease the value of those two
variables.
8.3.2 Comparison of Model Outputs for Damage/Losses
Indicators
Section 6.4 explains sub indicators for Damage/Losses. The sub indicators
include Total Number of Minor Damaged Houses, Total Number of Major
Damaged Houses, Total Number of Collapsed Houses, Economic Losses
of Low Income Families, Economic Losses of Middle Income Families,
and Economic Losses of High Income Families. Table 8.4 presents a
comparison of model outputs relevant to the sub indicators of Damage/
Losses. Based on the table, four main findings are discussed as follows:
Table 8.4 Model outputs for Damage/Losses Indicator comparing 1971-1999
with 2040-2060 using predicted rainfall from GFDLCM2.0
Parameters Unit Measurements Model in1971-1999
Model in
2040-2060
Changes
(%)
Total Number of Minor
Damaged Houses Unit
Maximum 537.13 552.88 2.93
Mean 80.20 196.43 144.92
Total Number of Major
Damaged Houses Unit
Maximum 73.38 121.91 66.14
Mean 1.32 5.20 293.93
Total Number of Unit Maximum 32.95 31.08 -5.69
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Collapsed Houses Mean 0.53 0.84 57.52
Economic Losses of
Middle Income
Families
Rupiah
(IDR)
Maximum 25,381,056.44 24,117,557.44 -4.98
Mean 166,031.20 229,823.09 38.42
Economic Losses of
Low Income Families
Rupiah
(IDR)
Maximum 5,973,469.03 5,971,603.40 -0.03
Mean 54,056.53 101,258.61 87.32
Economic Losses of
High Income Families
Rupiah
(IDR)
Maximum 5,292,782.22 5,205,119.88 -1.66
Mean 39,538.43 87,748.64 121.93
1. Since there is a major increase in the inundation height of average
floods, there is consequently a considerable increase in the average
impacts of floods in all sub indicators of Damage/Losses.
2. The greatest increase is in the Total Number of Minor Damaged
Houses. The increase in the near future inundation heights also results
in a large increase in the Total Number of Major Damaged Houses
as damage occurs to all types of houses. Since the Average Cost of
Major Repair for a Permanent House is more expensive than other
house types, it follows that the Economic Losses of High Income
Families in the near future is higher than that of other families.
3. Conversely, the maximum measurement on some sub indicators for
the impacts of floods will decrease, particularly for the sub indicators of
Total Number of Collapsed Houses, Economic Losses of High
Income Families, Economic Losses of Middle Income Families and
Economic Losses of Low Income Families. For the Total Number
of Collapsed Houses, the decrease in Number of Collapsed Non-
Permanent Houses is the main influential variable. The decrease in
Number of Collapsed Non-Permanent Houses does not mean the
impact of the flood is lower. It is mainly a result of the longer time
needed to repair collapsed houses. The increase in the scale of the
flood is associated with a longer duration, a decrease in East Java
Provincial Government's Stocks for Disaster Assistance and a
decrease in the Average Savings of Low Income Families.
Therefore, the repair of non-permanent houses in the near future
scenario will take longer than at the current time. For the three
economic losses sub indicators, for example for middle income
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families, the decreases are caused by the interaction between
influential variables. The increase in the flood inundation height will
cause increases in the Total Number of Major Damaged Houses
which in turn result in a decrease in the Average Savings of Middle
Income Families. Since the average savings is the main source of
funds for house repairs for middle income families, there will be a
longer waiting period to repair the houses. The combination of the
longer period of recovery and the reduced savings of the middle
income families will consequently decrease the Economic Losses of
Middle Income Families in the maximum measurement following the
floods. This is because there will be a time lag for economic resources
(houses and villagers’ savings) to fully recover to the point where they
can once again be affected by floods.
4. The Economic Losses of Middle Income Families is higher than any
other family group. The factors of probability of damage, cost of house
repairs, household income and household economic sources are the
main causes of this phenomenon. With the semi-permanent houses,
the probability of damage is still high and the cost of repair of semi-
permanent houses is much more expensive than the cost of non-
permanent houses. Moreover, there is no government assistance for
semi-permanent houses.
8.3.3 Comparison of Model Outputs for Recovery
Indicators
Section 6.4 explains sub indicators for Recovery that are: Number of Weeks
for Villagers with Chronic Diseases, Number of Weeks for Total Number
of Minor Damaged Houses, Number of Weeks for Villagers in Evacuation
Shelters, Number of Weeks for Total Number of Major Damaged Houses,
Number of Weeks for Total Number of Collapsed Houses, Average
Savings of Low Income Families, Average Savings of Middle Income
Families and Average Savings of High Income Families. Table 8.5
presents a comparison of model outputs relevant to the sub indicators of
Recovery. Based on the table, four main findings are discussed as follows:
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1. Since there will be a significant increase in the average flood height
and frequency, the average impacts of floods increase in all sub
indicators in Recovery. A high increase in the length of recovery is
indicated by the greater number of weeks needed for recovery.
Moreover, the increase in floods in the future will also decrease the
amount of savings which limits the families' ability to recover from
floods.
2. The greatest increase in the length of recovery occurs in the Number
of Weeks for Villagers in Evacuation Shelter. The more frequent
higher floods will cause longer and more frequent evacuation of
villagers to shelters.
Table 8.5 Model outputs for Recovery Indicator comparing 1971-1999 with
2040-2060 using predicted rainfall from GFDLCM2.0.
Parameters Unit Measurements Model in1971-1999
Model in
2040-2060
Changes
(%)
Number of Weeks for
Villagers with Chronic
Diseases
Weeks mean in 1,000weeks 10.25 19.32 88.42
Number of Weeks for
Villagers in Evacuation
Shelters
Weeks mean in 1,000weeks
14.04 45.55 224.43
Number of Weeks for
Total Number of Minor
Damaged Houses
Weeks mean in 1,000weeks 206.93 498.09 140.70
Number of Weeks for
Total Number of Major
Damaged Houses
Weeks mean in 1,000weeks 254.20 579.22 127.86
Number of Weeks for
Total Number of
Collapsed Houses
Weeks mean in 1,000weeks 82.63 123.41 49.35
Average Savings of
Middle Income Families
Rupiah
(IDR) Mean 573,528.40
-
1,462,078.68 -354.93
Average Savings of Low
Income Families
Rupiah
(IDR) Mean 849,746.73 324,938.10 -61.76
Average Savings of High
Income Families
Rupiah
(IDR) Mean 8,233,395.28 6,349,496.57 -22.88
3. The smallest increase in the length of recovery is the Number of
Weeks for Total Number of Collapsed Houses. Most of the
collapsed houses are non-permanent houses of low income families.
Since government assistance applies for collapsed houses of low
income families, the houses can be repaired faster than without the
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assistance. Without the assistance, the villagers would rely on their
savings. Consequently, the increases in floods which decrease
villagers’ savings will not automatically extend the Number of Weeks
for Total Number of Collapsed Houses. Therefore, the government
assistance is valuable to shorten the recovery process.
4. The highest decrease in savings by villagers is the Average Savings
of Middle Income families. This means that the middle income
families suffer from greater impacts compared to other families. This is
in line with the economic losses model outputs where the middle
income families suffer the highest losses compared to other types of
families.
8.4 Assessing Key Adaptations under a Climate
Change Scenario
The changes in the scale of floods in the near future have consequences for
the effectiveness of proactive adaptations discussed in Chapter 7. The
increases in the flood impacts were described in detail in Section 8.2. In the
previous chapter, Section 7.3 discussed the assessment of the eleven
proactive adaptations under the current condition. Their effectiveness within
the base model was influenced by the scale and impact of floods. Therefore,
an increase in scale and impact of floods under the climate change scenario is
likely to require some changes to proactive adaptations to ensure their
effectiveness.
Figure 8.2 A schematic illustration of comparisons between different
model’s outputs. Comparison A measures the effectiveness of
proactive adaptations in the future time to the present situation
while comparison B measures the effectiveness of proactive
adaptations to the current adaptations in the future time.
Comparison between the
two models’ results in the
increase of floods’ scales
and impacts as discussed
in Section 8.2
The comparison between the two models defined
as the effects of proactive adaptations in the
future to future vulnerability levels with no
changes to current adaptations (Comparison B)
The comparison between the two
models defined as the effect of
proactive adaptations in the future to
current conditions (Comparison A)
Model in 1971-1999
with Current
Adaptations
Model in 2040-2060
with Current
Adaptations
Model in 2040-2060
with Proactive
Adaptations
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In this section I will assess all proposed proactive adaptations for the near
future climate change scenario. In each of the following sub sections, I
compare the gap between the model’s outputs for 1971-1999 with current
adaptations and model outputs for 2040-2060 with proactive adaptations. This
comparison calculates the effectiveness of proactive adaptations to reduce the
impacts of increasing floods in the future. For convenience I will call this
Comparison A. I also consider the gap between the model’s outputs for 2040-
2060 for current adaptations compared with proactive adaptations. This
comparison measures the effectiveness of proactive adaptations compared to
making no changes to adaptations in the future.  I will refer to this as
Comparison B. Both types of comparison will be discussed to understand the
effectiveness of proactive adaptation in reducing future vulnerability levels. A
schematic figure illustrates this comparison in Figure 8.2. Both comparisons
will assess vulnerability sub indicators in different measurements according to
Table 6.1. In terms of maximum measurement, the model’s outputs reflect the
highest flood condition possibilities in every week including the less frequent
high floods in the village. In addition, the mean measurement will assess
vulnerability sub indicators in the average possibilities reflecting the annual
floods in the village.
8.4.1 Key Adaptations for Reducing Number of Victims
This section compares and discusses the effectiveness of proactive
adaptations in Comparison A and Comparison B for the Victims Indicator.
The sub indicators of Victims are Number of Deaths, Number of Evacuated
Villagers, Number of Villagers with Minor Health Problems, Number of
Impacted Villagers and Number of Villagers with Chronic Diseases.
Drawing on both types of comparisons, I can make the following five points
about the effectiveness of proactive adaptations on the Victims indicator and
sub-indicators (Figure 8.3):
1. In general, the prioritisation of proactive adaptations in the base model
(as presented in Chapter 7) is not the same as in the near future under
the climate change scenario. The main differences between them are:
the effectiveness of most of the proactive adaptations are lower under
the climate change scenario compared to under current conditions and
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some of the adaptations which have a small percentage of
effectiveness in current conditions have changed into ineffective
proactive adaptations under the climate change scenario.
Figure 8.3 The effectiveness of proactive adaptations on Victims Indicator
for each type of comparison
Note : A = Mean measurement
B = Maximum measurement
A
B
Percentage of changes
Percentage of changes
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2. Reforestation remains an effective adaptation for reducing the impact
of flood on the Victims Indicator. This appears to be a sustainable
approach since it can effectively reduce impacts on the victims in both
current and future conditions.  This conclusion is supported by the
negative values for both Comparison A and Comparison B in Figure
8.3.
3. Improving the quality of the Municipal Disaster Unit is also considered
important in the near future but only for reducing the Number of
Villagers with Chronic Diseases.  For other sub indicators, this
adaptation has no significant effect. The positive percentages on other
sub indicators show that the increasing floods will have greater impacts
compared to current conditions even with the adaptation of improving
the quality of municipal disaster management. The assessment results
from Comparison A are low, indicating that this adaptation is not as
effective.
4. In terms of the mean measurement, the Flood Infrastructure
Redevelopment adaptation has a significant influence in Comparison
B but insignificant in Comparison A. This means that the adaptation
will not effectively reduce the impact of floods in the near future period.
However, the proactive adaptation is still useful compared to continued
application of current adaptations. In addition, the flood infrastructure
adaptation is still effective in minimising the sub indicators for the
maximum measurement. It reduces the impacts slightly.
5. Figure 8.3 shows that in the near future, all the adaptations will
decrease in effectiveness for reducing the impact of floods on the
Victims Indicator compared to the current time (see Section 7.3).
8.4.2 Key Adaptations for Reducing Damage/Losses
This section describes the effectiveness of proactive adaptations under
Condition A and Condition B for the Damage/Losses Indicator. The sub
indicators of Damage/Losses are: Total Number of Minor Damaged
Houses, Total Number of Major Damaged Houses, Total Number of
Collapsed Houses, Economic Losses of Middle Income Family,
Economic Losses of Low Income Family, Economic Losses of High
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Income Family and Economic Losses of Low Income Family with Semi-
permanent Houses. Drawing on both types of comparisons (see Figures 8.4
and 8.5) I conclude the following seven points:
1. In general, the prioritisation of effective adaptations for the
Damage/Losses Indicator in the base model (Section 7.3) is not the
same prioritisation as in the near future under the climate change
scenario. Similar to the effects on the Victims Indicator, the main
differences between them are: the effectiveness of most of the
proactive adaptations are lower under a climate change scenario
compared to under current conditions and some of the adaptations
which have a small percentage of effectiveness in current conditions
have changed into ineffective proactive adaptations under a climate
change scenario.
2. Reforestation remains effective in reducing the impact of floods on all
sub indicators in Damage/Losses. This is indicated by the negative
values on every sub indicator in both comparisons. Therefore,
reforestation is a sustainable approach for minimising the impact of
floods for the near future.
3. The Flood Infrastructure Redevelopment does not reduce the impact of
floods on the Damage/Losses Indicator effectively. This is indicated
by the positive value of the majority of sub indicators in Comparison
A. However, the adaptation is still better than continuing current
adaptations in the future (as reflected by negative values in
Comparison B). Conversely, for the maximum measurement, the
adaptation can still reduce the floods' impact on economic losses of the
three villager groups and the Total Number of Collapsed Houses.
4. The adaptations of Relocation and Improving Municipal Disaster Unit
have a similar effect to Infrastructure Redevelopment on decreasing
the impact of floods in the near future. While they are less effective for
the majority of sub indicators in Comparison A, the application of
these adaptations is still better than doing nothing as in Comparison
B.
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Figure 8.4 The effectiveness of proactive adaptations on Damage/Losses Indicator based on mean measurement
Percentage of changes
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Figure 8.5 The effectiveness of proactive adaptations on Damage/Losses Indicator based on maximum measurement
Percentage of changes
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5. The adaptation of Promoting Better House Construction is specific to
the low income group but it is only effective in minimising the impact of
floods on economic losses of low income families that upgraded their
houses in both comparisons.
6. The adaptation of Insurance can effectively reduce the Total Number
of Collapsed Houses only in the maximum measurement. This means
that the adaptation can minimise the number of collapsed houses only
during major floods. Moreover, under maximum measurement,
insurance can also minimise the economic losses of middle and high
income families. Therefore, I conclude that insurance will assist the
villagers in minimising the Total Number of Collapsed Houses as
well as the Economic Losses of Middle Income Family and
Economic Losses of High Income Family.
7. The other effective economic adaptation in the maximum measurement
is the Cash Transfer Program. This has a similar effect to the
Insurance Adaptation, specifically in minimising the Total Number of
Collapsed Houses under the maximum measurement.  The Cash
Transfer Program will effectively increase low income families’ savings
(Figure 8.5) which in turn minimises villagers’ dependency on
government assistance. Therefore, in the case of a shortage of
government assistance, a low income family can still repair their
collapsed house with partial government assistance.
8.4.3 Key Adaptations for Recovery Indicator
This section describes the effectiveness of proactive adaptations drawing on
Comparison A and Comparison B for the Recovery Indicator. The sub
indicators of Recovery are: Number of Weeks for Villagers with Chronic
Diseases, Number of Weeks for Villagers in Evacuation Shelters, Number
of Weeks for Total Number of Minor Damaged Houses, Number of Weeks
for Total Number of Major Damaged Houses, Number of Weeks for Total
Number of Collapsed Houses, Number of Weeks for Total Number of
Collapsed Houses, Average Savings of Middle Income Families, Average
Savings of Low Income Families, Average Savings of High Income
Families and Average Savings of Low Income Families with Semi-
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permanent Houses. Drawing on both types of comparisons (as shown in
Figure 8.6), I conclude the following nine points:
1. In general, the prioritisation of effective adaptations for the Recovery
Indicator under the base model (in Section 7.3) is not the same
prioritisation as in the near future under the climate change scenario.
Similar to the effects on Victims Indicator, the main differences
between them are: the effectiveness of most of the proactive
adaptations are lower under the climate change scenario compared to
under current conditions and some of the adaptations which have
small percentages of effectiveness in current conditions have changed
into ineffective proactive adaptations under the climate change
scenario.
2. Reforestation adaptation is still ranked as the most effective
adaptation. It can significantly reduce the length of time needed for
recovery as indicated by the negative values on sub indicators related
to the time for recovery. In addition, reforestation can increase the
average villagers' savings in all types of households in Centini Village.
3. Similar to the previous two indicators, the degree of effectiveness of
Flood Infrastructure Redevelopment Adaptation is lower in
Comparison A. This is because infrastructure cannot effectively
minimise the impact of floods on the sub indicators related to recovery.
As a result, the impact of floods on the villagers will still increase in the
near future even with the application of Flood Infrastructure
Redevelopment. This conclusion is indicated by the positive
percentage of each of the sub indicators related to the time needed for
recovery and the negative percentage of the average villagers'
savings. Conversely, the adaptation is still beneficial compared to
taking no action for the future floods in 2040-2060 under the climate
change scenario (as indicated in Comparison B).
4. The effect of Relocation is similar to that of Flood Infrastructure
Redevelopment but to a lesser degree. It cannot minimise the impact
of floods in the near future but it appears to have some positive effects
compared with doing nothing.
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5. Promoting Better House Construction for the low income villagers has
a significant effect on the savings of low income villagers (Average
Savings of Low Income Families with Semi-permanent Houses
Sub indicator). Therefore, improving housing construction is an
effective adaptation for protecting the savings of low income families.
Figure 8.6 The effectiveness of proactive adaptations on Recovery Indicator
6. The Adaptation of Improving the Quality of Disaster Unit is also an
effective adaptation for minimising the Number of Weeks for
Villagers with Chronic Diseases. This is indicated by negative
percentages in both comparison types. However, this adaptation
cannot minimise the impact of floods on villagers' savings.
7. The increases in Income Level Adaptation are only effective for the
high income villagers in protecting their savings in the case of floods.
This is because high income families have higher economic capital or
Percentage of changes
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more assets and consequently experience smaller economic losses
compared to the other two income groups.
8. The Adaptation of Insurance effectively protects villagers’ savings for
low and middle income families and recovers losses for these income
groups. Since these two groups suffer greatly from damage/losses (as
discussed in section 8.3.3), the effects of Insurance on these family
groups are substantial (indicated by positive percentages in
Comparison A). However, the application of an insurance mechanism
will not effectively minimise the impact of increasing floods on the time
for recovery, although it is still better compared with not taking any
action (indicated by negative percentage in Comparison B).
9. The adaptation of a Cash Transfer Program is effective only for the
Average Savings of Low Income Families. Since the program only
targets the low income group, however, it has no effect on the time for
recovery as they will receive government assistance for the recovery
time.
8.5 Policy implications under climate change scenario
Under the climate change scenario, the flood threats in my case study area of
Centini Village will increase substantially causing higher impact on the
villagers. Table 8.2 shows the increase of floods for mean and maximum
measurements. The increase in the mean measurement indicates that there
will be more frequent floods in the future compared to the current situation.
The increase in the maximum measurement indicates that the scale of floods
will be much greater than in the past. These changes will increase the impact
of floods on all indicators (Victims, Damage/Losses and Recovery). Tables
8.3, 8.4 and 8.5 show the increased impact on every indicator. The Number
of Deaths is one of the most affected sub indicators both under mean and
maximum measurements. Number of Deaths increases from 26 persons in
1,000 weeks to around 92 persons in 1,000 weeks. It means that the increase
is more than triple for the near future in 2040-2060. Other sub indicators that
are substantially affected, especially for the mean measurement, are Number
of Evacuated Villagers, Total Number of Major Damaged Houses,
Number of Weeks for Villagers in Evacuation Shelters and Average
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Savings of Middle Income Families. Consequently, the floods will severely
impact villagers’ livelihoods in the near future. This situation will reinforce and
prolong the status of the village as one of the poorest in Lamongan
Municipality. It is therefore most important to apply effective adaptations now
in order to save lives and livelihoods in the near future.
Reforestation emerges clearly as the most effective of all possible proactive
adaptations, under the climate change scenario. It is shown to be just as
effective in reducing impacts in the near future as it is now under current
conditions (Chapter 7). The approach of reforestation effectively minimises the
Weekly Water Discharge from Upstream which in turn reduces the amount
of water in the river. This results in better performances on every sub indicator
of vulnerability (Figures 8.3, 8.4, 8.5 and 8.6 on percentage of changes of
reforestation in Comparison A and Comparison B). Therefore, Reforestation
should be established as the first priority in decreasing future vulnerability
levels in my case study area.
In Chapter 7, the Infrastructure Redevelopment Adaptation was shown to be
the second most effective adaptation under current conditions. However,
under the climate change scenario, it is shown to be no longer effective and
cannot therefore be regarded as a sustainable approach. It will only help the
villagers in the short term but not in the longer term. No sub indicators
performed better on the mean measurement for the near future climate
change scenario. However, applying this adaptation is still better for the future
than taking no action now as all indicators performed better in Comparison B.
Improving the quality of the Municipal Disaster Unit consistently results in
substantially decreasing the Number of Villagers with Chronic Diseases in
both types of comparison. This adaptation also effectively reduces the
Economic Losses of Middle Income Families and Number of Weeks for
Villagers with Chronic Diseases. Improvement to the unit will enhance
responses to the floods resulting in a more rapid evacuation (as indicated by
the increase in the number of evacuated villagers) which in turn helps to
prevent chronic diseases. A better response from the Unit will also reduce the
amount of property loss, particularly for middle income families which is the
group most affected by property loss. Therefore, improving Disaster Unit
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responses will continue to reduce the vulnerability levels in these three sub
indicators.
Other approaches that enhance the selected sub indicators of vulnerability
included Promoting Better House Construction, Applying Insurance
Mechanism and Cash Transfer Program. These three adaptations will
significantly benefit low income villagers. Improving construction of houses will
substantially reduce the Economic Losses of Low Income Families with
Semi-permanent Houses and in turn increase their average savings.
Insurance and a Cash Transfer Program will also greatly increase the
Average Savings of Low Income Families. However, these three
approaches are only effective in improving specific sub indicators, and they
are associated with increasing impacts in other sub indicators, including Total
Number of Minor Damaged Houses and Total Number of Major Damaged
Houses. For this reason they cannot be categorised as effective approaches
in isolation, although they perform better when applied together with other
proactive adaptations.
Running the model under climate change scenarios has led to additional
assumptions and limitations to the model. While GCMs represent our best
understanding of what will happen under climate change scenarios, the use of
rainfall predictions from GCMs is a potential limitation as the predictions may
have probabilities of lower or higher values in the actual rainfall in 2040-2060.
This is quite likely as the GCMs were not designed to predict rainfall at scales
as fine as my case study area. The use of random formula with 1,000 seeds in
the model can reduce this variability in predictions. However, the lower or
higher values of rainfall probabilities in 2040-2060 may also influence the
prioritisation of proactive adaptations. The effect of rainfall changes on the
effectiveness of proactive adaptations will vary depending on the degree of
rainfall change and the type of adaptations. Reforestation and flood
infrastructure redevelopment will have consistent results in terms of
prioritisation of adaptations with small changes in predicted rainfall. The
reforestation adaptation is consistently ranked most effective while the
adaptation of flood infrastructure redevelopment will no longer be an effective
adaptation in minimising future vulnerability levels due to the effects of climate
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change. The adaptations of improving the quality of the Municipal Disaster
Unit, promoting better construction of houses and applying an insurance
mechanism are also considered to have consistent results in their
effectiveness in reducing selected sub indicators of vulnerability. Apart from
these specific adaptations, in the case of high changes in rainfall prediction,
there will be high probabilities of change in the prioritisation of adaptations.
Therefore, the enhancement of climate change modelling will also increase
the reliability of my community vulnerability model.
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CHAPTER 9
SYNTHESIS, CONCLUSIONS AND
RECOMMENDATIONS
9.1 Introduction
The central research question in this thesis is how modelling can be best used
to identify the most effective adaptations to reduce community vulnerability to
floods. This question is discussed in relation to both the current climate
conditions and the future climate change scenario. Chapter 5 identified the
range of adaptations to floods that are currently used in my case study
community. The current adaptations are primarily reactive and this suggested
the need to promote proactive adaptations in line with understandings of
disaster risk management in the literature reviewed in Chapter 2. The
comparison of effectiveness between current reactive and potential proactive
adaptations is presented in Chapter 7 demonstrating the importance of
proactive adaptations for reducing community vulnerability to floods under
current climate conditions. In Chapter 8, the future challenge of climate
change was integrated into the base model so as to assess which adaptations
would be most important in reducing community vulnerability to floods in the
future. Under the climate change scenario, inundation heights will be higher
and flooding will occur more frequently resulting in higher impacts to the
villagers compared to the current climate conditions. This increased flooding
will also change the effectiveness of some of the proactive adaptations in
minimising future vulnerability levels. Based on these results, this chapter
considers the implications for the broader policy and planning context.  It
concludes by recommending the most significant strategies available to
government agencies, NGOs and communities for reducing community
vulnerability where the most common disaster is flooding.
9.2 Predicting Vulnerability within DRM (Disaster Risk
Management)
In Chapter 2 I argued that the multiple interpretations of the vulnerability
concept found in the literature offer opportunities to improve the
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comprehensiveness of the vulnerability assessment processes. My argument
is supported by the work of scholars such as Adger (2006) and Cutter (1996)
who regard the multiple interpretations of vulnerability as strengths rather than
weaknesses. The multiple interpretations assist in relating vulnerability
assessment to applications in policy and planning. Since vulnerability is
understood to encompass all scales from the individual through to
geographical regions and up to the global scale (Turner et al., 2003 &
Brikmann & Wisner, 2006), the influence of public policy in both assessing
vulnerability and suggesting appropriate actions to reduce vulnerability levels
in the future becomes vital. Therefore, the assessment of vulnerability should
be focused on predicting the future and understanding ways of reducing future
levels of vulnerability.
Current approaches to vulnerability assessment are primarily qualitative and
focused on comparing the relative level of vulnerability in one area to others.
They focus on assessments of vulnerability in the present time (as noted by
Ionescu et al., 2009). While useful for highlighting current areas of
vulnerability, this approach lacks a capacity to predict the effectiveness of
potential adaptations in reducing vulnerability levels. This has been a major
criticism since such approaches have received considerable funding from
organisations such as the World Bank for the purpose of minimising
vulnerability (Barnett et al., 2008). Predictions of the likely effectiveness of
adaptations can be made by both evaluating current adaptations and
modelling the likely effects of new adaptations in a specific community setting.
Comparing the relative effectiveness of different types of adaptations allows
prioritisations in responding to future threats. The assessment of the
effectiveness of adaptations on future vulnerability levels should be done in a
predictive way.
To develop a predictive approach to vulnerability assessment I used data from
the past to predict likely outcomes in the future. It is also possible to make
some simulations of the future by making changes to some of the variables in
the model to represent several possible future conditions. As a result, a
predictive assessment can compare one output of the model to others for
future scenarios. The use of tangible indicators of vulnerability (such as
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damage/losses and fatalities) allows comparisons between different time
frames based on consistent measurement. The tangible indicators effectively
measure the impacts of changes to one variable on others and provide better
understanding of the pattern of changes overall. These tangible indicators also
reflect the definition of vulnerability provided by Wisner et al. (2008).
Therefore, in predictive assessment, the use of tangible vulnerability indicators
is vital.
Tangible vulnerability indicators can be drawn from known impacts of specific
types of disasters so as to highlight the predictive value of assessment. Since
vulnerability can be understood as the changing capacity of a community to
cope with disaster events (as discussed in Chapter 2), the prediction of the
impacts of disasters will also reflect the manifestation of this coping capacity.
The two most common measurements of disaster impacts used in the DRM
literature are number of victims and damage/losses (see for example
publications from the Indonesian National Board for Disaster Management,
EM-DAT, ADPC and UNISDR. Wisner (2002) and Brikmann (2006) also
suggest that probability of number of injuries, deaths, losses and disruption on
lives reflects vulnerability indicators.) The concept of resilience, which is an
integral part of disaster risk management, highlights the importance of also
including the recovery process after a disaster as an indicator. The recovery
indicator includes both the ability to recover and the period of time for
recovery. These three tangible indicators - victims, damage/losses and
recovery - need to be further divided into several sub indicators to allow more
detailed and meaningful analysis. The changes in model outputs on these sub
indicators will reflect the changes in vulnerability levels in a community.
Because these tangible indicators simplify the wide range of interpretations of
the vulnerability concept there are some limitations to this approach. One of
the limitations in the simplifications process is that some intangible indicators
may be left out in manifesting the wide concept of vulnerability. The intangible
impacts of disasters can be in the form of psychological stress such as feeling
uncomfortable in daily routines, feeling disoriented, pessimistic or powerless
(Smith & Freedy, 2000). A further limitation is that methods for measuring
indicators are typically a simplification of the big picture of disaster impacts to
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provide prompt information for the rehabilitation process. This simplification
may leave out important information. For example, in the use of Human-capital
Method valuation, Hammer (2011) highlights the use of two measures to
quantify the destroyed human capital that are: lifetime income and tax dues for
the individual. These measures are able to provide information about income
losses after a disaster; however they will not capture losses stemming from
informal economies, which may be significant in some communities. Data
collection is another challenge resulting in imperfect representation of
indicators of vulnerability. For example, challenges in collecting data on the
damage indicator include inadequate responses from a disaster management
board (such as miscommunication, disorganisation, lack of training, and
political interventions) and difficulty in accurately recording the types of
damage (such as damage to historic structures and damage in the form of
debris) (McEntire, Souza, Collins, Peters & Sadiq, 2012).
9.3 Discussing reforestation versus flood infrastructure
redevelopment in minimising future vulnerability
levels
Reforestation and flood infrastructure redevelopment are two out of many
instruments in minimising the flood scale (Smits, Nienhuis & Leuven, 2000;
Freitaag, Bolton, Westerlund & Clark, 2009). Reforestation is included in land
use regulation particularly to increase land absorption coefficients to rainfall
(Freitag et al., 2009; O’Connell, Ewen, & O’Donnell, 2011). The increase to
land absorption will increase the amount of rainfall infiltration to the ground as
well as decreasing the water run-off. The decrease to water run-off will
decrease the amount of water in the river (Ghazavi, Vali & Eslamian, 2010).
On the other hand, the increases to water run-off will increase the amount of
water in the streams or rivers (Junfeng, King, Tong & Run, 2003). Since the
flood in my case study is mainly caused by overflowing water from the river,
this decrease will minimise the extremity of the flood. In addition, the flood
infrastructure redevelopment will increase the infrastructure’s capacity to
accommodate run-off water including building dams, artificial river
embankments, drainage systems and dykes (Van Leussen, Kater & van Meel,
2000 & Freitag et al., 2009). With the higher capacity of infrastructure, the
probability of flooding will be lower for the same amount of water run-off.
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Therefore, these instruments are important in minimising the probability and
degree of flood.
The interviews conducted as part of this study revealed that stakeholders
place major importance on improving and redeveloping flood infrastructure to
minimise flood impacts. Flood infrastructure redevelopment can be in the form
of improving river embankments, improving drainage systems and building
dams. Reforestation has not been a major concern since most of the
stakeholders focus on reactive and segmented actions. Furthermore, because
reforestation is required upstream of the village, this action may seem less
under their control and is therefore not a focus of their attention.
The assessment of both instruments in the model is simplified by changing
some variables of the model as in Table 7.6.  Reforestation is represented by
converting built-up areas (such as residential areas, aquaculture or paddy
fields) to forest within the same catchment area. Flood infrastructure
redevelopment is represented by increasing the dimensions (height, length
and depth) of flood infrastructure to accommodate rising water levels.
Reforestation appears to be more effective than flood infrastructure
redevelopment, particularly when the impacts of climate change are factored
in. Under current conditions, both of the instruments are effective in minimising
vulnerability for all indicators, with reforestation being more effective than the
flood infrastructure redevelopment. For the future scenario, climate change is
predicted to substantially increase rainfall based on General Circulation
Models (GCMs). Under this scenario, reforestation is still effective while flood
infrastructure redevelopment is much less effective in minimising vulnerability
indicators. While flood infrastructure redevelopment is less effective under
future climate change scenarios, applying this adaptation is still far better than
leaving the community with only current adaptations. With no changes to
current adaptations, the community is predicted to experience a large increase
in the negative impacts from floods in the future under climate change.
A particular concern in applying flood infrastructure redevelopment relates to
the risk of embankment collapse. Indeed, some of the flood cases have
become lethal events due to collapsed embankments. The collapse of the
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increased capacity of infrastructure will release a higher volume of water in a
short time resulting in higher impacts to the community (such as in Banqio
Dam in 1975 resulting in 230,000 fatalities, and the collapse of six dams at
once in 2008 in the southern parts of Quangxi Region, China, due to the fatal
earthquake followed by rainfall (Lejon, Renofalt & Nilsson, 2009)). The causes
of collapsed infrastructure are many as explained in Marcello, Frigerio &
Mazza (2009) for dam-breaks. A recent case in Indonesia is the collapse of
Situ Gintung (a dam in Tangerang near Jakarta) in 2009, which killed 100
people and affected 614 families (Jakarta Post, 2009). In addition, under a
climate change scenario, the rainfall may increase considerably exceeding the
enhanced capacity of infrastructure after applying this adaptation.
Consequently, the probability of collapsed embankments is higher under a
climate change scenario compared to the current condition.
While catchment reforestation is a promising adaptation for decreasing
community vulnerability to floods, the reality of implementation faces major
challenges. This section does not intend to cover all the challenges but to
highlight major difficulties. The lack of commitment to protect forests is one of
the major difficulties. The lack of commitment can be in the form of authorised
bodies being powerless to control exploitation of forests principally through
logging activities and land clearing (Lamb, 2011), resulting in deforestation.
The lack of commitment is made worse by poor coordination among relevant
government agencies in managing the forests. Most forests cross multiple
jurisdictions resulting in a need to have better management in local
governments, various national agencies and relevant international bodies
(Corbera, Estrada & Brown, 2010). The low coordination can be minimised by
establishing better incentive and disincentive mechanisms for the involved
parties.  Since protecting the forests will not only save the upstream areas but
also those downstream, the authorities downstream may give some economic
incentives for the development of upstream areas as well as protecting the
forests.
Another challenge is the increase in development near the forest areas. This
increase has also raised the demand on the land in built-up areas resulting in
escalating land use competition (Hartwick, 2005).The increase in development
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can also cause an increasing demand on the settlement areas as well as
increasing economic activities in the form of converting forest areas into other
land uses such as agriculture and pasture land (Tutu & Akol, 2009). This
increasing development can be as a result of population increases (Tutu &
Akol, 2009) or other problems such as poor policy-making (e.g. relocating
population to cultivate land near a tropical forest in Indonesia via a
transmigration program (Palo & Lehto, 2012)).
9.4 Is promoting household income helpful in reducing
community vulnerability?
The idea of promoting household income has been proposed widely in
disaster risk management (Rayhan & Grote, 2010; Patil, Singh, Pawar,
Maarse, & Otte, 2009; Ibrahim, Rahman, Envulus, & Oyewole, 2009) including
in my case study. Promoting income in my case study is proposed by creating
alternative economic activities, particularly during floods and increasing
productivity of current sources of income such as paddy and aquaculture.
Promoting income will logically increase villagers’ savings. With better
savings, households will have better financial capacity. The increased savings
are assumed will provide better capacity to the households in responding to
coming floods. Therefore, this increased capacity is thought to decrease
community vulnerability (Gaillard, Maceda, Stasiak, Le Berre, Espaldon, 2009;
Fussel, 2012; Brauch, 2011).
The results of the modelling work presented in this thesis indicate that creating
an economic source will increase the villagers’ savings, but it will not
effectively decrease vulnerability levels. This finding is in line with the
understanding that poverty is not exactly the same as vulnerability (Bankoff et
al., 2004, Fussel, 2012). Although the concepts of poverty and vulnerability
are interdependent, poverty can be treated as one of the factors in
vulnerability. Community capacity is not only in the form of material capacity
such as the ownership of financial ability and assets for responding to
hazards, but also other immaterial capacity such as experience and social
cohesiveness within the community (Cline et al., 2010; Patterson, Weil &
Patel, 2009). These complex relationships mean that the link between poverty
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and vulnerability can be multifaceted. As a consequence, minimising
vulnerability will have different requirements compared to poverty alleviation.
In comparing economic instruments, the model results indicate that developing
alternative sources of income will be less effective than implementing an
insurance mechanism. This is because increasing savings will not
automatically increase the capacity of villagers to respond to floods. The extra
money is likely to be spent consumptively rather than in improving flood
preparedness. In the case of disasters, especially in a village setting where
money is saved in the form of belongings, the disaster may possibly diminish
their savings leaving no remaining financial support for recovery. Therefore,
creating alternative income for the community should be accompanied by
other mechanisms, such as involving them in developing insurance
mechanisms, regulating house design and decreasing the scale of future
floods.
Establishing an insurance mechanism is the most effective economic
adaptation tested in this study, both under current conditions and under
climate change. Insurance will help villagers by providing money for house
repairs immediately after flood events. This mechanism will avoid villagers
spending their savings on house repairs. The model indicates that the cost of
house repairs often financially overwhelms the villagers making them
incapable of recovery. Furthermore, villagers may sell paddy fields or
aquaculture land to recoup savings, leading to even greater levels of poverty
due to reduced earning capacity. An insurance mechanism has the added
benefit of decreasing the need for government spending in assisting the
victims. Major government assistance funds are spent on rehabilitation and
reconstruction programs including reconstruction programs for low income
villagers’ houses. Involving the low income villagers will also decrease this
government spending. Consequently, the funds can be spent on other types of
expenses in disaster risk management.
Applying insurance mechanisms will have several key challenges. A lack of
understanding of the benefits of insurance is one major challenge. Insurance
is still perceived as a luxury and new for most people especially the poor in
developing countries (Feyen, Lester & Rocha, 2011; Radermarcher &
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Brinkmann, 2012). The lack of understanding is also supported by the false
understanding of ‘God’s will’. Floods as one type of natural disaster
sometimes are perceived as being ‘God’s will’ resulting in fatalistic behaviour
by those who are impacted (Yesil, Dedeoglu, Fahrlaender, & Tanner, 2011).
Consequently, there is a need to promote the idea of sharing the risk within
the community. One approach to communicating the idea of insurance is to
draw an analogy with the tradition of ‘lumbung padi’ whereby villagers collect
some of the harvest from the paddy field for public storage. This long tradition
in Indonesian villages makes the sharing of food feasible particularly in a
famine situation. The other challenge is the unwillingness of the government to
approach insurance companies and provide assistance to low income earners
to pay premiums. Kousky & Kunreuther (2009), Kron (2009), Hofman (2007)
and Atmanand (2003) provide examples of how governments can contribute to
subsidising villagers’ involvement in insurance for disasters. The introduction
of this new practice may have some challenges for all parties including the
insurance companies, villagers and the government. The insurance
companies will seek profit through this program which may possibly
marginalise the low income villagers. Furthermore, some of the villagers are
incapable of paying the insurance premiums due to their financial situation.
Therefore, the government should be involved actively both in giving
incentives to the insurance companies as well as paying insurance premiums
for the low income villagers.
9.5 Making the most of government assistance to
reduce community vulnerability
Since disasters may potentially disrupt community livelihood, assistance from
external parties, especially the government, will be important. Major disasters
affect all aspects of a community including physical displacement, which will
lead to community members facing major difficulties in fulfilling their daily
needs. In this emergency situation, the only potential sources for their daily
needs are from outside of the affected community. External parties such as
governments, the private sector, relatives, NGOs and other civil society
groups are the possible parties which would support the affected community.
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The model verifies that low income families will benefit most from external
assistance, particularly in the form of cash transfer, insurance with subsidised
premiums and assistance with better house reconstruction. Model outputs
after applying these adaptations indicate a decrease in selected vulnerability
indicators. The cash transfer program will increase villagers’ savings as well
as speed up the recovery process. In addition, insurance will assist villagers in
paying the initial house repair costs, preventing further economic difficulties
after the flood. Last, better house reconstruction helps the villagers in
preventing a high degree of damage and losses.
The model shows that cash transfer programs are likely to be important to
ensure that poor families are able to provide their daily basic needs during
floods.  The cash transfer program has been criticised in Indonesia, with a
push to convert cash transfers into other types of cash transfer programs with
certain conditions to enhance the program’s effectiveness (Sumarto &
Widyanti, 2008; Triningsih & Ichihashi, 2010). However, job creation is not the
issue in my case study area, with most villagers already partaking in formal
and non-formal occupations.  The model shows that with these current
occupations, the low income families are still lacking the economic capacity to
fulfil their daily needs. Therefore, cash transfer assistance is still needed to
ensure that the villagers can fulfil their basic needs.
While insurance is revealed as one of the most effective adaptations in an
economic program for some sub indicators, the insurance will put a greater
burden on the villagers especially in paying the insurance premium. Most of
the insurance companies are profit-based so they will charge their members
for insurance policies. The model indicates that subsidising insurance
premiums may be an effective form of government assistance, and this finding
is supported by experience in other locations (Atmanand, 2003). This
mechanism has the added benefit of reducing government spending post-
disaster as discussed in Section 9.3.
Poor house construction will lead villagers into greater damage/losses on their
houses and property. In the long run, the frequent losses due to flooding will
put the villagers into poverty. Without any assistance from external parties, low
income families will not be able to improve their houses. In fact, most of the
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low income villagers are still struggling to fulfil their basic needs. This situation
will force the low income families to spend their savings mainly on house
repairs. In some cases, the villagers just ignore the damage to their houses
due to having no money available for repairs. Living in damaged houses, in
some ways, will have further consequences such as potential health problems.
Therefore, with government assistance in providing assistance to construct
better house design, the families can save their money and then use it for
fulfilling their daily needs.
9.6 Limitations to a predictive approach to Vulnerability
Assessment
The multi-disciplinary perspectives on the vulnerability concept informed the
development of the comprehensive predictive approach to assessment
presented in this thesis. The need for a more comprehensive predictive
approach is particularly evident in the context of engaging with climate
change. The range of impacts predicted, and the large number of people likely
to be affected by climate change is prompting discussion not only in the public
policy discipline but also in science, social, economic and other disciplines
(Morlot & Hohne, 2003; Hallegatte, 2009; Dawson, 2012; Yuen, Jovicich, &
Preston, 2012). These connections between various disciplines are also
important in order to optimise the effectiveness of adaptations taken for
minimising future vulnerability levels. The systemic-dynamic modelling
developed in this thesis provides a means of incorporating a multi-disciplinary
approach. However, the integration of knowledge drawn from several
disciplines can also lead to limitations in the approach. Five limitations are
discussed below.
1. The assessment of proactive adaptations is conducted by modelling
single adaptations in order to rank the set of possible adaptations from the
most effective to the least effective. In reality, a number of proactive
adaptations are likely to be introduced simultaneously. Since there are
many possible combinations among proactive adaptations, the thesis is
limited by only considering the effectiveness of one adaptation at a time.
However, future research could address this limitation as the model
provides a mechanism for assessing specific combinations of proactive
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adaptations. To address this in future research it will be important to
discuss the combinations of proactive adaptations with relevant
stakeholders prior to finalising the specific set of adaptations to be
assessed.
2. As this form of modelling requires a quantitative approach to assessment,
some qualitative variables had to be converted into quantitative
measurements.  The process of quantifying qualitative variables may
reduce the accuracy of the assessment. For example, in assessing social
interaction in a community, quantification of villagers’ performance on this
variable uses ordinal numbers and performance indices. The ordinal
numbers and performance indices were displayed to the stakeholders
during the assessment process for feedback in order to minimise error in
this quantification process.
3. Since the purpose of this thesis is assessing community vulnerability and
linking it to resilience and adaptations (the three major concepts in
disaster risk management), specifying how these three concepts are
interpreted in the research design was particularly important. The
modelling process is only feasible when these concepts are clearly
specified. Each of the variables within the model must also be defined
clearly, connected with other variables and weighted relationships
between the variables explained. Conversely, using specific terminologies
for concepts that have multiple interpretations in the DRM literature may
reduce the complexity of meanings. For example; the definition of
vulnerability, in Section 2.5, discussed the links between exposure to
hazard, sensitivity to hazard and adaptive capacity. However, in the
literature these terms themselves are interpreted in different ways (e.g.
Adger, 2006; Brikmann & Wisner, 2006; Cutter et al., 2008).
4. Since the modelling approach presented in this thesis is trying to
represent the reality of a complex community situation, I have necessarily
drawn on numerous bodies of literature to enhance the modelling process.
There is a significant body of literature around many of the adaptation
issues that are shown to be significant in the modelling such as
reforestation and infrastructure redevelopment. Furthermore, a large body
of literature exists around climate change and predicted impacts. Rather
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than focus in depth on any one issue, the primary aim of the thesis is to
establish a framework for predictive assessment drawing on knowledge
from multiple sources. The framework can then be applied to other cases
and modified to accommodate more detailed information from both the
literature and field research or to focus in depth on specific issues or sets
of adaptations.
5. While models attempt to capture the dynamics of real systems in
community settings, they are always imperfect in representing reality.
Consequently, sensitivity analysis and model validation are very important
steps in ensuring the robustness of the model as a predictive tool.
9.7 Conclusions
While vulnerability assessment has the potential to improve responses to flood
events and hence reduce their impacts on communities, current approaches
are limited and lack a strong predictive capacity. More sophisticated tools are
needed to adequately represent the multiple dimensions of vulnerability and to
support decision-making. This thesis has demonstrated that system-dynamic
modelling has the potential to meet this need by simulating flood events in a
community vulnerability model and testing the effectiveness of adaptation
scenarios.
In this thesis, I built a community vulnerability model using data derived using
the Delphi Technique, secondary surveys and semi-structured interviews. The
base model consists of seven sub-models measuring vulnerability indicators
under current adaptations. To test the effectiveness of adaptations, I
incorporate proactive adaptations in the model and then reassess the
indicators both under current conditions and under climate change. The effect
of climate change has been integrated by modifying the model with rainfall
data in 2040-2060 under GFDLCM2.0 model as the best-fit General
Circulation Model (GCM) for my case study.
Following are the key results of the modelling work:
1. Modelling proactive adaptations reveals that the high level of community
vulnerability to floods in my case study area can be reduced.
Reforestation in the upper catchment and flood infrastructure
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redevelopment are the most effective adaptations for all indicators of
vulnerability. Some adaptations such as improving the quality of the
municipal disaster unit, promoting better housing construction, introducing
an insurance mechanism for villagers and a cash transfer program are
important in reducing selected indicators of vulnerability.
2. Under climate change, the impacts of floods are predicted to increase
considerably due to increases in rainfall. This is predicted to result in
changes to the effectiveness of proactive adaptations. For the 2040-2060
scenario, reforestation of the upper catchment is the most effective
approach to minimise all sub indicators of vulnerability while flood
infrastructure redevelopment may not be as effective in reducing the
impacts of floods. The reduced effectiveness of flood infrastructure
development is due to the inadequacy of the improved infrastructure to
manage the higher water levels predicted under climate change. In
addition, the improved infrastructure has some probability of collapse. In
the case of collapse, the severity of impacts on the villagers will be higher
than if the existing infrastructure had been maintained. Other effective
adaptations for selected sub indicators of vulnerability are improving the
quality of the municipal disaster unit, promoting better construction of
houses, applying an insurance mechanism and a cash transfer program.
Even though the remaining adaptations are not as effective, they are still
considered to be better approaches compared with applying current
adaptations into the future.
3. The results of this modelling exercise highlight the need for an integrated
approach to implementing proactive adaptations, requiring coordination of
multiple aspects of public policy. The integration of spatial planning
systems to include both reforestation and better house construction
substantially decreased predicted vulnerability levels. The planning
boards at national, provincial and municipal levels can contribute to
implementing both programs. Developing better governance
arrangements for disaster risk management (DRM) contributed to
predicted increases in community resilience. These governance
arrangements include changing the format of the responsible board for
DRM and encouraging the involvement of external parties and NGOs. The
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new disaster unit based on the current Indonesian Disaster Management
Act No. 24/2007, called the Provincial Disaster Management Board in
Lamongan, is well placed to oversee the move from current reactive
responses into integrated, proactive disaster responses. The integrated
responses should actively involve external parties. Finally, the use of
economic development policies such as applying an insurance
mechanism and encouraging alternative income sources may increase
the villagers’ capacity to cope with the impacts of flooding.  The
Lamongan Municipal Agency of Social, Worker and Transmigration can
establish partnerships with insurance companies to implement an
insurance mechanism, particularly for low to middle income families.
Other government agencies such as the Lamongan Municipal Planning
Board and Industrial Agency can encourage the involvement of external
parties and the community in creating alternative income for the villagers.
4. This thesis proposes a way of integrating vulnerability, resilience and
adaptations under the umbrella of disaster risk management. This
integration is important to provide decision support systems for disaster
assistance both from governments and non-government organisations.
This kind of decision support system is needed to increase the degree of
effectiveness of the chosen adaptations in the future. Consequently, this
integration will improve the capacity of decision-makers to minimise the
impacts of future disasters.
5. This thesis also emphasises the need for stakeholder engagement by
incorporating Delphi Techniques and semi-structured interviews in the
modelling process. This engagement reveals the key characteristics of the
community and directs the model building process through the
identification of vulnerability factors and current adaptations. Therefore,
stakeholder involvement significantly enhances the robustness of the
model.
9.8 Policy and Planning Recommendations to Decrease
Community Vulnerability to Floods
Based on the key results presented above, I present seven recommendations
for policy-making that follow from this research:
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1. The use of decision support tools, including system-dynamic models, is
important for assessing the effectiveness of adaptations both in current
and future scenarios and should be used to inform international and
national policy for DRM and be made available at more regional and
local scales for regions and communities that are particularly
vulnerable to disasters.
2. Promoting better, proactive, integrated adaptations which have been
shown in this research to be effective in reducing vulnerability will
assist communities to live more sustainably in the face of flood risk.
This is particularly important given the likely increase in flood risk under
future climate change.
3. Focussing attention on reforestation will be a key to reducing
community vulnerability to floods in the case study presented.
4. Government involvement is still important in enhancing the resilience
and standard of living of low to middle income families. The model
presented here indicates that improving the quality of the municipal
disaster unit, assisting low income families with housing construction,
insurance and cash payments are likely to be the most effective forms
of involvement.
5. Since villagers live below the poverty line, stakeholders believe that
creating alternative economic sources may increase villagers’ capacity
to respond to future floods. However, based on the model’s outputs,
increases to income not only increase the villagers’ savings but also
raise the potential for damage/losses. Therefore, the need for
enhancing villagers’ economic capacity should be followed up by
applying other proactive adaptations described in points 3 and 4 to
avoid increases to damage/losses.
6. The important impact of uncertainty in rainfall predictions on the model
should be one of the main focuses for future study to improve this
assessment process.
7. With some adjustments this model can be applied to other case studies
or hazard types with different types of proactive adaptations. Assessing
other possible proactive adaptations in a variety of cases will improve
the concept and practise of vulnerability assessment.
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APPENDIX I
STAKEHOLDER ANALYSIS RESULTS
No Stakeholdertypes
Stakeholder
groups
Interest(s) at stake in
relation to project
Effect of project on
interest(s)
Import-
ance of
stakehold
-ers for
success
of project
Degree
of
influence
of
stakehold
-ers over
project
Notes
1 National Safety
Agencies and the
Protection of the
Public  (Bakes-
banglinmas)
Municipal
Government
body
Coordinator in Municipal
Disaster Unit
+
A main decision-maker
in Lamongan
Municipality disaster
management
5 5 -
2 Irrigation Agency
(Dinas
Pengairan)
Municipal
Government
body
A main agency for
irrigation and river
management
+
A main municipal
decision maker in
planning, budgeting
and implementing
programs related to
Bengawan Solo River
in Lamongan
Municipality
5 5 -
3 Bengawan Solo
River Manage-
ment (Balai
Besar Bengawan
National
Government
body
A main national river
management board for
Bengawan Solo Basin.
+
A main decision-maker
in managing Bengawan
Solo Basin across two
5 5 -
I - 1
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No Stakeholdertypes
Stakeholder
groups
Interest(s) at stake in
relation to project
Effect of project on
interest(s)
Import-
ance of
stakehold
-ers for
success
of project
Degree
of
influence
of
stakehold
-ers over
project
Notes
Solo) provinces and 18
municipalities
4 Municipal Unit for
Rapid Response
(unit reaksi
cepat)
An ad hoc
unit for
disaster
response in
Municipal
Government
body
A main unit to respond to
the impact of disaster
particularly in search and
rescue actions
+
A main unit to respond
to disaster events
designed by Municipal
Disaster Unit
5 5 -
5 Lamongan
Municipal
Development
Planning Board
(Badan
perencanaan
pembangunan
Kabupaten
Lamongan)
Municipal
Government
body
A coordinator of Lamongan
Municipal development
planning and a vice
coordinator of Municipal
Disaster Unit particularly in
rehabilitation
+
A main coordinator for
urban and regional
development planning
and a main decision-
maker for rehabilitation
on disaster
management in
Lamongan Municipality
5 5 -
6 Social matters,
Workers and
Transmigration
Agency (Dinas
Municipal
Government
body
A main decision-maker in
social aspect of community
life, workers and
transmigration in
+
As a main decision-
maker for planning,
budgeting and
5 5 -
I - 2
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No Stakeholdertypes
Stakeholder
groups
Interest(s) at stake in
relation to project
Effect of project on
interest(s)
Import-
ance of
stakehold
-ers for
success
of project
Degree
of
influence
of
stakehold
-ers over
project
Notes
Sosial, Tenaga
Kerja dan
Transmigrasi)
Lamongan and a vice
coordinator of Municipal
Disaster Unit particularly
for disaster assistance
implementing programs
related to community
empowerment and a
main decision-maker in
disaster management
for disaster assistance
7 Health Agency
(Dinas
Kesehatan)
Municipal
Government
body
A coordinator in Municipal
Disaster Unit for Health
Services
+
A main decision-maker
in Lamongan disaster
management for health
services
5 5 -
8 Municipal Level
Police (Polisi
Sektor)
National
Government
bodies
A vice coordinator in
Municipality Disaster Unit
for search and rescue
+
As a main decision-
maker in Lamongan
disaster management
for search and rescue
programs
5 5 -
9 Chairperson of
Laren Regency
Regency
Government
body
A regional manager at
Regency level
+
As a main decision-
maker in public policy
including disaster
management at
Regency level and
implementing a mayor’s
mandates at Regency
5 5 Laren Regency is the
most prone regency to
flooding in Lamongan
Municipality
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level
10 Chairperson of
Centini Village
Village
Government
body
A regional manager at
village level
+
As a main decision-
maker in public policy
including disaster
management at village
level. The chairperson
is also directly elected
by the villagers in a
village public election
5 5 This village is the
most prone area to
flooding in Laren
Regency, Lamongan
Municipality
11 Provincial
Coordinating
Board for
Disaster
Management
(BPBD Propinsi)
Provincial
Government
body
A coordinator at provincial
level for disaster risk
management
+
A main decision-maker
at provincial level for
disaster management.
It also has responsibility
to coordinate several
municipalities to
integrate disaster risk
management
5 5 Bengawan Solo River
is across several
municipalities and two
provinces. Flooding
from the river is
justified as across
administrative
boundaries which
require provincial
governments’
involvement
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12 ELSAP
(Government
Analysis
Research Centre)
A non-
government
organisation,
mostly
concerning
issues at the
municipal
level
A non-government
organisation which has a
major concern for
analysing government
public policies and
community empowerment
+
A non-governmental
organisation which was
involved in several past
flood events. The
involvement is not
limited to emergency
situations but also to
normal situations by
running community
disaster training
5 5 One of the ELSAP
members is a villager
in Laren Regency
13 TAGANA
(Community
Based Youth
Group for
Disaster
Response)
A non-
government
organisation
for disaster
responses
A community-based
organisation designed by
Social Department of
Indonesia. The
organisation has missions
on empowering
communities to be more
alert for disasters and
actively participate in
disaster responses
+
A community-based
organisation which is
directly involved in
floods events.
5 5 -
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14 JAMAL
(Lamongan’s
People Network)
Non
Government
Organisation
A forum for Lamongan
NGOs network to
strengthen community
capacity in public policy
including disaster issues. It
consists of 33 NGOs in
Lamongan Municipality
+
A community-based
organisation network
which is directly
involved in monitoring
government
performance in public
issues management
5 5 -
15 Centini Informal
Leader
Civil society Centini Village Informal
local leader who has major
concern in his community
+
A leader who has some
degree of influence in
the community and also
participates in disaster
events
5 5 ?
16 Director of
Kidung Rakyat
Local Radio
Civil society
– media
A main local radio who is
involved in communicating
community issues
including flood events in
Laren Regency
+
As a community
communication media
5 5 -
17 Care NGO NGOs – from
outside of
community
An external NGO which
has interest in Lamongan
particularly in past floods.
The NGO has special
concern for emergency
situations and longer term
+
As one of the NGOs
which have widespread
network in community
empowerment and
disaster risk
5 5 -
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programs such as
community empowerment
for clean water
management
18 Indonesian Red
Cross, Lamongan
Branch
NGOs – from
outside of
community
An external NGO which
has interest in Lamongan
particularly in flood impacts
+
An NGO which has
widespread network
nationally and
internationally in
reducing the impacts of
disasters
5 5 -
19 Water Level
Monitoring
Officers (Petugas
Pemantau
ketinggian Air)
Municipal
Government
bodies
The technical officers of
river water level monitoring
+
Giving valid information
on water level
4 2 The officers are not
decision-makers in
disaster risk
management and are
partially involved in
the management
particularly in early
warning system per
se.
20 Agricultural
Agency (Dinas
Pertanian)
Municipal
Government
Agency
A board which has a role in
disaster rehabilitation in
agricultural sector
+
As a main decision-
maker for planning,
budgeting and
4 4 The agency in disaster
management which
has been represented
by Municipality
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implementing programs
related to agricultural
sector
Development Planning
Board as vice
coordinator of
rehabilitation. It is also
partially involved only
in agricultural aspect.
21 Transportation
Agency (Dinas
perhubungan)
Municipal
Government
Agency
A coordinator in
transportation, information
and communication
matters in Municipal
Disaster Unit
+
A main decision-maker
in transportation,
information and
communication aspect
4 5 The agency is
involved in emergency
situations only. One of
the members in
transportation/
information and
communication aspect
has been chosen as
one of the
respondents, that is,
the Municipal Police
Officer.
22 Public Work
Agency  (Road
Sub Agency)
Municipal
Government
Agency
A member of municipal
disaster unit especially for
rehabilitation in road sector
+
A main decision-maker
for planning, budgeting
and implementing
programs related to
road sector
4 4 The sub agency is not
the main decision-
maker in Lamongan
disaster management.
It is partially involved
only in road
rehabilitation
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programs.
23 Academicians Civil society
from external
parties
External parties who are
involved in enhancing
disaster risk management
system
+
They have a role in
discussing, evaluating,
and giving positive
feedback to the
mechanisms and
concepts of disaster
risk management
5 4 After checking the
case study of Laren
Regency, there are no
exact relevant
academicians involved
in flood risk
management in Laren
Regency.
24 Political Parties Civil Society
from external
parties
External to community
which have major concern
for public affairs including
flood events
+
Majority of them have a
role particularly in
giving disaster aid after
events
5 4 Majority of them are
not decision-makers
and involved in partial
and short term actions
such as providing
disaster aid.
25 Public Agency –
Housing
Municipal
Government
Agency
A member of municipal
disaster unit for
rehabilitation
+
The agency has a role
in planning, budgeting
and implementing
programs in housing
4 4 It has been
represented by its
coordinator
(Municipality
Development Planning
and Board) and it is
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partially involved in
the disaster unit.
26 Consultants in
regional
planning,
irrigation and
flood risk
management
Private
sector
A private organisation
which can make a
technical aspect of
government plans
+
Providing a consultancy
to government in public
affairs including
disaster management
4 3 It is not a decision-
maker and not directly
involved in Laren
Flood Disaster
Management.
27 LASKAR
(research centre
for community
welfare)
NGO An NGO at municipal level
which has concern for
community welfare
+
Giving some input to
the government on
managing public affairs
3 3 It is not a decision-
maker, is strong and
influences NGOs in
Lamongan.
Municipality. The
involvement is also
limited and has partial
action in DRM.
28 PELANGI
(Lamongan
Youth
Organization for
Innovation)
NGO An NGO particularly for
youth organisations at
municipality level who are
concerned with innovation
+
Giving some input to
the government on
managing public affairs
3 3 It is not a decision-
maker, is strong and
influences NGOs in
Lamongan
Municipality. The
involvement is also
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-ers over
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limited and has partial
action in DRM.
29 GMNI (National
Indonesian
Student
Movement)
NGOs An NGO particularly for
Indonesian Students
organisation at municipality
level who are concerned
with public issues
+
Giving some input to
the government on
managing public affairs
3 3 It is not a decision-
maker, is strong and
influences NGOs in
Lamongan.
Municipality. The
involvement is also
limited and has partial
action in DRM.
30 IPNU (Student
Group of
Nahdlatul Ulama)
NGOs An NGO particularly for
religious-based Indonesian
Students organisation at
municipality level who are
concerned with public
issues
+
Giving some input to
the government on
managing public affairs.
3 3 It is not a decision-
maker, is strong and
influences NGOs in
Lamongan.
Municipality. The
involvement is also
limited and has partial
action in DRM.
31 Donors Individual,
groups of
people or
NGOs from
external case
study
Individuals or any
organisations which have a
concern about disaster
impacts
+
They are usually
involved in disaster aid
3 3 Their involvement is
limited and has partial
action in DRM.
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APPENDIX II
LISTS OF MAIN POINTS FOR SEMI-STRUCTURED
TELEPHONE INTERVIEWS
1. MAIN QUESTIONS
VICTIMS SUB MODEL
1. How many villagers were impacted by the past floods? How many of them
were evacuated? Why were they willing to be evacuated?
2. How many victims died because of floods? At what stage did the deaths
occur? What were the causes of death?
3. How many victims were saved and returned home? What were the factors
of having successful responses which finally saved and returned the
victims to their home?
4. How many victims were sick? How many victims were hospitalised? What
were the factors that influenced the number of sick and hospitalised
victims?
5. How many victims died after hospitalisation? What were the factors that
influenced the number of deaths after hospitalisation?
HOUSING SUB MODEL
1. Are there any new houses in the village? What are the factors of the
additions?
2. Is there any reduction in the number of houses? What are the factors of
reduction?
3. What was the likelihood of flood impacts to the houses? Can you make a
classification of the impacts? (For example: collapsed houses, major
damaged houses and minor damaged houses.) What are the criteria for
each group of impacts?
4. What were the actions of government in each group of impacts to the
houses? What were the factors of having and/or inhibiting those actions?
5. What were the actions of non government organisations in each group of
impacts to the houses? What were the factors of having and/or inhibiting
those actions?
6. What were the actions of the owners in each group of impacts? What were
the factors of having and/or inhibiting those actions?
7. What were the factors causing each group of impacts? What about the
houses’ locations and types of construction?
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8. What percentage impact could be applied to each group? What were the
factors in increasing and decreasing the percentage?
COMMUNITY RESPONSES SUB MODEL
1. What were the factors that influenced the involvement of villagers in DRM?
Can you explain them?
2. What were the factors that influenced the success of an early warning
system in DRM? Can you explain them?
3. What were the factors that influenced the villagers’ participation in DRM?
Can you explain them?
4. What were the factors that influenced the community trust in the leaders
(formal and informal leaders)?
5. What were the factors that influenced NGOs’ participation in DRM? Can
you explain them?
6. What were the factors that influenced the villagers’ participation in DRM?
Can you explain them?
7. What were the factors that influenced the success of government
coordination in DRM? Can you explain them?
8. What were the factors that influenced the governments’ program in DRM?
Can you explain them?
9. What were the factors that influenced the government disaster aid in
DRM? Can you explain them?
10. What were the factors that influenced the non-government disaster aid in
DRM? Can you explain them?
11. What were the factors that influenced the adequacy of food in DRM? Can
you explain them?
12. What were the factors that influenced the adequacy of medicines in DRM?
Can you explain them?
13. What were the factors that influenced the adequacy of emergency
infrastructures in DRM? Can you explain them?
14. What other community responses have not been covered within the
interview?
INCOME SUB MODEL
1. What is the composition of villagers based on their source of income?
2. Is there any combination of several sources of income within a household?
Can you explain them?
3. Can you classify households’ economic level based on their source of
income? Can you explain them?
4. Can you explain the type of work in each type of villagers’ source of
income?
5. What were the impacts of flooding on their source of income? Can you
explain them?
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SAVING SUB MODEL
1. What are the main expenditures for each household? Can you explain
them with or without taking the level of their economic ability into account?
2. What are the main factors of those expenditures?
3. In the case of limited money availability within a household, what kinds of
efforts do the households make?
4. What were the impacts of flooding on the balancing of income and
expenditure within a household? Can you explain them?
5. In the case of limited money availability, what kinds of efforts do the
households make to recover from flood impacts?
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NGOs
involvement
Ownership of
communication media
Level of community trust in
formal and informal leaders
Social interaction in
community.
External supports
Attitude to disaster and
disaster management.
Early warning
system
Houses location
Government
assistance
Availability of
emergency facilities
Level of community
collectiveness
Food and medicine
availability in emergency
situation
Community
involvement in
disaster
management
Government
policies
Government
campaign
Government
coordination
Government
programs
External
involvement
Villagers' income
Land ownership
Cultural-socio-economic
values to the land
Government
capacity
Recrutments
Capacity building
training
Leadership
Local activist
2. PRELIMINARY SUB MODELS
RESPONSES SUB MODEL
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Number of Villagers
Population
increases
Population
decreases
Number of
evacuated
villagers
Number of
hospitalised villagers
Evacuated villagers
from home
Number of deaths
Impacted people
Hospitalised villagers
from home
Number of deaths in
evacuation shelter
Number of deaths
in hospital
Number of death
at home
Villagers returning
from hospital
Villagers returning
from evacuation
Hospitalised villagers in
evacuation shelter
Unit /week
multiplier
<Unit /week
multiplier>
Number of births
CDR
CBR
Percentage of people
returning from evacuation
Percentage of
hospitalised villagers in
evacution shelter
Percentage of villagers
returning from hospitals
Percentage of number of
deaths in evacuation shelter
Percentage of number
of deaths in hospital
<Unit /week
multiplier>
Average in-migration
per week
<Unit /week
multiplier>
<Unit /week
multiplier>
Average out-migration
per week
Villagers in areas with
topography up to 1m
Villagers in areas with
topography up to 1.5m
Villagers in areas with
topography up to 2 m
Villagers in areas with
topography more than
2 m
<Inundation
areas>
<Inundation
height>
<Impacted
people>
<Villagers in areas with
topography up to 1m>
<Villagers in areas with
topography up to 1.5m>
VICTIMS SUB MODEL
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Water volume in the river
Water discharge
from upstream
Water discharge from
downstream
Water discharge to
the sea
Look up function for
rainfall intensity upstream
Rainfall intensity
Water level
Build up areas
upstreamBuild up areas
downstream
Total local
catchment areas
Open space
downstream
Total catchment
areas upstream
Open space
upstreamMonths
<Time>
xyz
pqr
x Actual rainfall
intensity upstream
<Months>
River length River width
Actual local rainfall
intensity
Stream velocity
Actual water volume
to the sea
Flood volume
Inundation areas
Water discharge due to
evapotranspiration
Water discharge due
to infiltration
Maximum capacity of
drainage system
Inundation height
Flood volume due to
collapsed embankment
Probability of
collapsed embankment
Areas with
topography up to 1 m
Areas with topography
up to 1.5 m Areas withtopography up to 2 m
Areas with
topography more
than 2.5 m
Embankment
height
<Months>
<Open space
downstream>
<Build up areas
downstream>
Evaporation level
Infiltration rate
Predicted volume in flood
due to collapsed
embankment
Duration of
collapsing
Returning water spill
from plains
Water discharge to
the plains
Centini Village
Area
River volume
capacity
Duration of flood
FLOOD SUB MODEL
II - 7
Number of
housesNumber of new
houses
Probability of new
houses
Number of new
families
Rate of marriage
per week
Population number
Housing density
Residential areas
Number of
collapsed houses
Number of rebuilt
houses
Government
assistance
Self funding for
rebuilding houses
Number of
permanent houses
Number of
semi-permanent houses
Number of
non-permanent houses
Number of houses in areas
with topography under 1 m
Number of houses in areas
with topography under 2 m
Number of houses in areas with
topography more than 2 m
Number of major
damaged houses
Inundation height
Number of minor
damaged housesNumber of repaired
houses from damage
HOUSING SUB MODEL
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Number of
familiesNumber of new
families per week
Number of
marriages
Population
increases
<Rate of marriage
per week>
Number of owners and
operators in farming
Number of
operators in farming
Number of owners
in farming
Number of traders
Number of officers
Investment in
farming
Income for owners and
operators in farming
Income for
operators in farming
Income for owners
in farming
Average productivity
in farming Total production infarming
Areas for farming
Middle income
traders
High income
traders
Low income
traders
Average sales per
week
High income
officers
Low income
officers
Average wage
<Inundation
height>
<Inundation
height>
<Inundation
height>
ECONOMIC SUB MODEL
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Savings of families
in farmingProportion for savings
of families in farming
Average consumptive
spending for families in
farming
<Income for owners
in farming>
<Income for
operators in farming>
<Income for owners and
operators in farming>
Proportion for asset
spending of families in
farming
Proportion for unexpected
expenses of families in
farming
<Inundation
height> Number of families
in farming
Proportion for
investments of families in
farming
SAVINGS SUB MODEL
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APPENDIX III
LIST OF DATA FOR SECONDARY SURVEY
NO NAME OF DATA POTENTIALSOURCES TIME RANGE
1
Name of government and non-
government organisations involved in
past floods.
Municipal disaster unit,
ELSAP, Regency
Office
Recent
2 Inundated areas (map and data ofinundated coverage in Centini
Irrigation Agency,
Bengawan Solo
Management Board
Within 5 years
3
Map and data of Bengawan Solo River
(includes: the height of embankment,
water levels, water system, rainfall, etc)
Irrigation Agency,
Bengawan Solo
Management Board
Within 5 years
4
Documentation on disaster aid
(includes: sources, number of aids,
distribution)
Municipal disaster unit,
ELSAP, Regency
Office
Within 5 years
5
Structure and job description of Satlak
PB (current disaster management
board in municipal level)
Municipal disaster unit Recent
6 Applied procedures of flood riskmanagement
Municipal disaster unit,
ELSAP, head of
regency, head of
village.
Within 5 years
7
Name of government and non
government organisations which
provide emergency facilities.
Municipal disaster unit,
ELSAP, Regency
Office
Within 5 years
8 Availability of emergency facilitiesbased on their types and numbers.
Depends on the list no.
7 Within 5 years
9 Laren Regency in Numbers 2007,2008, 2009 Statistical bureau Within 5 years
10 Population numbers based on sourcesof income
Municipal planning
board, Regency Office,
Village Office,
Statistical bureau
Within 5 years
11 Evacuation Procedures
Municipal disaster unit,
ELSAP, Regency
Office, Village Office.
Within 5 years
12
Documents of government plans
(includes: regional spatial plan and
development plans)
Municipal planning
board Recent
13 Government programs related to floodrisk management in Laren Regency
Municipal planning
board, Municipal
planning board and
Regency Office
Recent
14
Population based on nutritional status,
chronic disease and age under 5 years
old.
Dinkes (Health
Agency) Within 5 years
15 Number of sick people based on typesof disease in flood situation
Dinkes (Health
Agency) Within 5 years
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NO NAME OF DATA POTENTIALSOURCES TIME RANGE
16 Map of Centini Village with the scale of1:25.000
National coordinating
agency for surveys and
mapping
Recent
17 Impacts of floods in Centini Village andLaren Regency
Municipal planning
board, Regency Office,
Village Office, ELSAP,
TAGANA.
Within 5 years
18
Hydrological processes within Centini
Village and Sub Sub Catchment of LC
10
Bengawan Solo
Management Board,
Irrigation Agency
Within 5 years
19 Water discharge in Bengawan SoloRiver
Bengawan Solo
Management Board,
Irrigation Agency
Within 5 years
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APPENDIX IV
DISASTER EVENTS IN INDONESIA SINCE 1900
No Year DisasterGroups Disaster Types Locations Deaths
Affected
People
Total
Damage
('000 USD)
1 1907 Geophysical Tsunami Aceh coast (North Sumatra) 400 0 0
2 1914 Geophysical Earthquake (ground shaking) Kepahyang, Bengkulu 20 20 0
3 1917 Geophysical Earthquake (ground shaking) Bali 15,000 0 0
4 1924 Geophysical Earthquake (ground shaking) Wonosobo (Central Java) 727 11,250 0
5 1927 Geophysical Earthquake (ground shaking) Sulawesi, Donggala 50 50 0
6 1928 Geophysical Tsunami Flores sea 128 0 0
7 1932 Geophysical Earthquake (ground shaking) Tondano (North Sulawesi) 6 3,075 0
8 1936 Geophysical Earthquake (ground shaking) Tapanuli (North Sumatera) 17 0 0
9 1936 Geophysical Earthquake (ground shaking) Banda Aceh, Lhok Sukon,Lhoksemawe 9 20 0
10 1938 Geophysical Earthquake (ground shaking) Tomini Gulf (Central Sulawesi) 17 4,710 0
11 1943 Geophysical Earthquake (ground shaking) Jogyakarta (Central Java) 213 16,096 0
12 1953 Hydrological -- 114 0 0
13 1956 Meteorological Tropical cyclone 300 0 0
14 1958 Geophysical Earthquake (ground shaking) Malang (East Java) 8 0 0
15 1965 Geophysical Earthquake (ground shaking) 40 0 0
16 1965 Geophysical Earthquake (ground shaking) 71 0 0
17 1966 Hydrological General flood Central, East Java 176 524,100 33,000
18 1967 Hydrological -- East Java 0 55,000 0
19 1967 Hydrological -- Jakarta 0 142,000 0
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No Year DisasterGroups Disaster Types Locations Deaths
Affected
People
Total
Damage
('000 USD)
20 1967 Hydrological -- Ambon 0 7,000 0
21 1967 Hydrological -- Central Java 160 0 0
22 1967 Geophysical Earthquake (ground shaking) Tinambung (South Sulawesi) 71 100 0
23 1967 Geophysical Earthquake (ground shaking) Malang (East Java) 54 8,411 0
24 1968 Hydrological -- East Java 12 150,000 7,831
25 1968 Geophysical Tsunami Donggala 200 0 0
26 1969 Geophysical Tsunami Majene (Celebes Island) 64 97 0
27 1970 Hydrological -- 82 0 0
28 1973 Meteorological Tropical cyclone Flores 1,650 0 0
29 1974 Meteorological -- Situbondo (West Java) 10 2,000 0
30 1976 Geophysical Earthquake (ground shaking) Wanena Region (Irian Jaya) 420 15,000 0
31 1976 Geophysical Earthquake (ground shaking) Bali 573 454,755 195,000
32 1976 Geophysical Earthquake (ground shaking) West Irian 133 7,000 0
33 1976 Hydrological Flash flood East Java, Lumajang 163 20,020 0
34 1976 Meteorological -- 25 0 0
35 1977 Hydrological -- Jakarta, East Java 10 260,000 0
36 1977 Hydrological -- Central Java 0 25,000 0
37 1977 Hydrological -- Bandung district, Java 12 5,000 0
38 1977 Meteorological Tropical cyclone Central Java 1 3,060 0
39 1977 Geophysical Earthquake (ground shaking) Sumbaya, Lombok, Sumba (NusaTenggara Islands) 185 3,975 1,200
40 1977 Geophysical Earthquake (ground shaking) East Timor 2 25 0
41 1978 Hydrological -- East Java 41 7,000 0
42 1978 Hydrological -- West Aceh, North Sumatra 21 8,000 0
43 1978 Hydrological -- Sumatra 0 200,000 0
44 1978 Hydrological -- Aceh 8 66,600 0
45 1979 Hydrological -- Flores Island 128 24,350 3,200
46 1979 Hydrological -- West Java 23 4,500 0
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Affected
People
Total
Damage
('000 USD)
47 1979 Geophysical Earthquake (ground shaking) Lombok Island 34 36,048 4,150
48 1979 Hydrological -- Borneo 13 6,000 0
49 1979 Geophysical Tsunami Lomblen Island 539 23 0
50 1979 Geophysical Earthquake (ground shaking) Yapen, Jobi (Irian Jaya) 2 5,005 0
51 1979 Geophysical Earthquake (ground shaking) West Java 26 43,000 16,000
52 1979 Geophysical Earthquake (ground shaking) South Sumatra 5 1,500 0
53 1979 Geophysical Earthquake (ground shaking) Bali, Lombok 32 619 0
54 1980 Geophysical Earthquake (ground shaking) Ternate (Moluccas) 0 20,000 0
55 1980 Hydrological -- Central Java 153 2,946 3,400
56 1980 Geophysical Earthquake (ground shaking) Tasikmalaya (West Java) 0 0 0
57 1980 Meteorological Tropical cyclone West Java 0 800 0
58 1981 Geophysical Earthquake (ground shaking) Solo Valley (Irian Jaya) 306 2,682 0
59 1981 Hydrological -- Mount Semeru 500 0 2,200
60 1981 Hydrological Flash flood Jarkarta 9 212,000 0
61 1981 Hydrological -- Central Java 0 140,000 0
62 1982 Geophysical Earthquake (ground shaking) Sukabumi (Java) 0 15,000 3,500
63 1982 Hydrological -- South Borneo 0 25,000 0
64 1982 Hydrological -- Irian Jaya 0 12,500 0
65 1982 Geophysical Earthquake (ground shaking) Larantuka (Flores Island) 13 8,817 1,450
66 1982 Hydrological -- Central Sumatra 3 1,500 0
67 1982 Meteorological Tropical cyclone Sleman (Central Java) 2 123 0
68 1983 Geophysical Earthquake (ground shaking) Banda Aceh (North Sumatra) 0 100 1,000
69 1983 Hydrological -- Banggai 11 2,000 0
70 1983 Hydrological -- Aceh (North Sumatra) 2 5,000 0
71 1983 Hydrological -- Yogyakarta (Central java) 7 410,497 7,007
72 1984 Geophysical Earthquake (ground shaking) Mamuju (Central Sulawesi) 2 89 0
73 1984 Hydrological -- West Java 0 2,700 1,500
74 1984 Geophysical Earthquake (ground shaking) Pahae Jae Sub district (North 0 1,858 1,000
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Sumatra)
75 1984 Hydrological -- Bandung Region (West Java) 0 37,500 0
76 1984 Hydrological -- Central, East, West Java,Jogyakarta, North Sumatra 26 320,000 0
77 1985 Hydrological Flash flood Northern Sulawesi 21 300 0
78 1985 Meteorological -- Bandung region 0 10,000 0
79 1985 Hydrological General flood Central and East Java, EasternIsland 10 2,000 0
80 1985 Hydrological Storm surge/coastal flood West coast of Sumatra 11 2,000 0
81 1985 Geophysical Earthquake (ground shaking) Paniai District (Eastern Irian Jaya) 10 7 0
82 1986 Hydrological -- West Java 2 38,000 0
83 1986 Hydrological General flood Bengkulu, Lampung Province (SouthSumatra) 96 20,000 0
84 1986 Hydrological -- Timor Province (Java) 77 19,000 0
85 1986 Hydrological -- 0 50,000 0
86 1987 Hydrological General flood Eastern Java 3 26,000 1,700
87 1987 Geophysical Earthquake (ground shaking) Tarutung (North Sumatra) 2 15,001 0
88 1987 Hydrological -- Bengkulu (South Sumatra) 37 0 4,000
89 1987 Geophysical Earthquake (ground shaking) South Pantar Island (Timor) 125 17,100 5,000
90 1987 Hydrological -- West Sumatra 38 884 0
91 1987 Hydrological -- Esp, Polmas, Pinrang (Sulawesi) 119 0 60,000
92 1987 Hydrological -- Aceh Province (North Sumatra) 4 2,000 0
93 1988 Hydrological General flood Central & West Java, Sumatra,Kalimantan 158 100,000 4,600
94 1988 Hydrological General flood Flores Island 21 0 0
95 1989 Geophysical Earthquake (ground shaking) Molucca passage 0 5,500 0
96 1989 Geophysical Earthquake (ground shaking) Jayawijaya districts (Irian Jaya) 120 17,196 0
97 1989 Hydrological -- Madiun Regency (East Java) 0 29,000 0
98 1989 Geophysical Earthquake (ground shaking) Alor (Timor) 0 197 0
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99 1989 Hydrological -- Ambon (Malucu Island) 18 32,500 0
100 1990 Hydrological General flood
Semarang, Temanggung, Batang,
Kendal, Pati, Sragen, Grobongan,
Cilacap, Demak, Rembang,
Banyumas municipalities (Central
Java)
169 21,000 4,800
101 1990 Geophysical Earthquake (ground shaking) Minahassa Peninsula (SulawesiIsland) 5 7,036 0
102 1990 Geophysical Earthquake (ground shaking) Bangkejeren, Kutacane, Medan area(North Sumatra) 1 2,172 2,100
103 1990 Geophysical Earthquake (ground shaking) Kuningan, Majalenga, Sumedangarea (Java) 0 103 0
104 1990 Hydrological -- Bogor (Jakarta) 22 0 0
105 1991 Geophysical Earthquake (ground shaking) Gorontalo area (MinahassaPeninsula) 0 1,000 0
106 1991 Geophysical Earthquake (ground shaking) Kalabahi (Alors district, Timor) 28 16,191 18,000
107 1991 Hydrological General flood Kalimatan Province 97 0 0
108 1991 Hydrological General flood Riau, Jambi, Lampung Provinces(Sumatra) 15 240,000 14,800
109 1992 Geophysical Earthquake (ground shaking) Sikka, East Flores, Ende, Ngada(Flores Island) 2,500 92,103 100,000
110 1992 Geophysical Earthquake (ground shaking) Brebes area (Java) 0 7,501 0
111 1992 Hydrological -- Trenggalek (East Java) 57 265,553 0
112 1993 Hydrological General flood
Northern coast from Indramayu
District in West Java to Gresik District
in East Java
59 259,553 19,301
113 1993 Hydrological Flash flood Tanggerang, Serang and Lebakdistricts (West Java Province) 72 8,000 0
114 1994 Geophysical Earthquake (ground shaking) Irian Jaya region, Halmahera 7 200,040 0
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115 1994 Geophysical Earthquake (ground shaking)
Liwa, Lampung Province (South
Sumatra), Balikbukit, Belalau,
Sumberjaya
207 49,399 170,476
116 1994 Hydrological General flood City of Bandung (West Java) 4 30,000 1,900
117 1994 Geophysical Earthquake (ground shaking) Purwoharjo, Sarongan, Tegaldlimo,Banyuwangi (South Java) 239 8,720 2,200
118 1994 Hydrological -- Simalungun District 8 1,000 0
119 1994 Hydrological -- Riau Province 3 60,000 0
120 1994 Geophysical Earthquake (ground shaking) North Maluku (Obi Island) 1 2,437 0
121 1994 Hydrological General flood Ngawi, Tuban, Bojonegoro, Gresick,Lamongan (Java) 33 187,131 18,145
122 1994 Geophysical Earthquake (ground shaking) Maluki, Irian Jaya, North Sumatra,Denpasar 0 67 0
123 1994 Hydrological -- Pesisir Selaten (West SumatraProvince) 6 640 1,500
124 1994 Hydrological General flood West Nusa Tengara Province 5 50,000 1,700
125 1995 Hydrological General flood Riau 3 3,000 0
126 1995 Hydrological General flood Java, Sumatra 47 36,000 400
127 1995 Hydrological General flood Tapanuli, Labuhan districts (NorthernSumatra Province) 45 17,500 0
128 1995 Hydrological Flash flood Bengkulu (Northern Sumatra) 27 2,200 0
129 1995 Geophysical Earthquake (ground shaking) Dili, Maliana, Mauraba (East Timor) 15 176 0
130 1995 Geophysical Earthquake (ground shaking) Parigi, Palu, Poso (Sulawesi) 0 1,538 0
131 1995 Geophysical Earthquake (ground shaking)
Airhangat, Danau kerinci, Gunung
kerinci, Gunungraya, Sitinjau Laut,
Sungai penuh (Jambi Province)
84 90,218 0
132 1995 Hydrological General flood North Aceh Provinces 18 201,472 50,000
133 1996 Geophysical Earthquake (ground shaking) North of Palu (Sulawesi Island) 9 13,000 1,200
134 1996 Geophysical Earthquake (ground shaking) Biak (Iran Jaya) 166 25,638 4,200
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135 1996 Hydrological General flood Jakarta 20 556,000 434,800
136 1996 Hydrological General flood Hulu Musi district, Lahat Regency(South Sumatra) 34 527 430
137 1996 Hydrological Flash flood Banyumas, Cilacap, Kebumen,Semarang (Central Java Province) 13 5,007 300
138 1996 Hydrological -- Piddie, Utara & Blora Districts 14 10,000 0
139 1996 Hydrological General Flood Jakarta 6 252,965 126,900
140 1997 Geophysical Earthquake (ground shaking) Parepare (city) Level 1 = SulawesiSelatan 20 3,105 1,100
141 1998 Hydrological -- East Kalamatan =  Kalimantan Timur 4 100,000 0
142 1998 Geophysical Earthquake (ground shaking) Halmahera Tengah (Maluku) 33 6,448 200,000
143 1998 Geophysical Earthquake (ground shaking) Malang area (Java) 1 500 0
144 1999 Hydrological -- Sulawesi, Java 12 16,000 0
145 1999 Geophysical Earthquake (ground shaking) Karyasari, Pandelang District(Southwest Jakarta, Java Island) 5 16,920 3,900
146 2000 Geophysical Earthquake (ground shaking) Bangga, Totikum, Tinangkung, Liang 45 52,770 30,000
147 2000 Hydrological Flash flood
Malaka Tengah, Malaka Barat sub-
districts (Belu District, West Timor),
East Timor
126 50,000 79,000
148 2000 Geophysical Earthquake (ground shaking) Bengkulu Province (Sumatra Island),Enggano Island 103 204,714 41,000
149 2000 Geophysical Earthquake (ground shaking) Ciranggon (West Java Island) 0 4,124 2,000
150 2000 Geophysical Earthquake (ground shaking) Pandelang, Lebak, Serang 0 5,500 0
151 2000 Geophysical Earthquake (ground shaking) Southern Sumatra 1 3,000 0
152 2000 Hydrological General flood
Aceh, Riau, Jambi (Tanah Datar,
Pesisir Selatan, Taratak Teleng
districts, Sumatra Island)
100 386,021 34,000
153 2000 Hydrological -- Phetchabun 9 12,500 506
154 2000 Hydrological Flash flood Bitung, Bolang Mongondow, 38 39,852 0
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Minahasa, Manado (North Sulawesi
Island), Taliwan, Lunyuk districts
(Sumbawa Island), Kulonprogo
(Central Java)
155 2001 Hydrological Flash flood
Jember (East Java Province, North
Sulawesi), West Java Province,
Banten Province
130 80,000 10,000
156 2001 Hydrological General flood Nias Island (North Sumatra Province) 257 3,694 0
157 2001 Geophysical Earthquake (ground shaking) West Java Province 0 12,512 0
158 2001 Geophysical Earthquake (ground shaking) Bengkulu (Sumatra) 0 0 0
159 2001 Hydrological -- Sentani (Papua Province) 0 0 0
160 2001 Hydrological General flood Sumatra Island Sulawesi Provinces 15 2,000 0
161 2002 Hydrological General flood Dempo Utara (Southern SumatraIsland) 21 40 0
162 2002 Hydrological General flood Medan city (Sumatra Island) 13 2,000 0
163 2002 Hydrological General flood
Bondowoso, Sampang, Surabaya,
Majokerto, Lumajang, Sidoarjo (East
Java), South Sulawasi, East Nusa
Tenggara, Greater Jakarta
150 500,750 350,000
164 2002 Hydrological General flood Gomo and Amandraya sub-districts(Nias Island) 14 780 0
165 2002 Hydrological General flood Sumba Island (East Nusa Tenggara) 19 0 0
166 2002 Hydrological General flood Kolaka district (Sulawesi Province) 0 1,000 0
167 2002 Geophysical Earthquake (ground shaking) Poso region (Sulawesi) 0 2,548 0
168 2002 Geophysical Earthquake (ground shaking)
Manokwari, Ransiki, Oransbari, Prafi,
Bintuni, Windesi, Anggi, Warmare,
Wasior sub-districts (Manokwari
district, Papua Province)
8 9,082 0
169 2002 Hydrological General flood South Aceh, Southwest Aceh, Nagan 13 87,000 1,600
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Raya, Aceh Dingkil (Nanggroe Aceh
Darussallam Province), Central
Tapanuli, Nias Island, (North
Sumatra Province)
170 2002 Geophysical Earthquake (ground shaking) Ransiki (Irian Jaya region) 0 155 0
171 2002 Geophysical Earthquake (ground shaking) Simeulue Island 3 60 0
172 2003 Hydrological General flood Java, Sulawesi islands 3 10,000 0
173 2003 Hydrological -- Batulayrar village (West Lombok) 0 230 0
174 2003 Hydrological --
Solok, Kapai Tabu Karambia, Sinipa
Piliang, Sembilan Korong, Aro Empat
Korong, Pasar Pandan Air Mati, Kel
Koto Panjang
10 3,700 0
175 2003 Geophysical Earthquake (ground shaking) Dompu area 0 2,502 0
176 2003 Hydrological Flash flood Cilacap district (Central Java) 1 15,000 0
177 2003 Hydrological General flood Jakarta area 3 33,000 0
178 2003 Geophysical Earthquake (ground shaking) Morotai Island 1 247 0
179 2003 Geophysical Earthquake (ground shaking) Wasile area (Halmahera Island,Maluku Province) 0 500 0
180 2003 Hydrological Flash flood
Hahorok sub-district (Langkat district,
North Sumatra),  Banyumas, Cilacap,
Kebumen districts (Central Java)
241 1,498 0
181 2003 Hydrological General flood
Muraro, Jambi, Tanjab Timur,
Batanghari (Jambi Province),
Indragiri Hulu, Pelalawan districts
(Riau Province) – Sumatra
8 25,000 0
182 2003 Hydrological General flood Jambi, Riau, South and NorthSumatra, South and North Sulawesi 148 350,000 0
183 2004 Geophysical Earthquake (ground shaking) Lombock Strait (Bali and LombockIslands) 1 30,040 12,000
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184 2004 Geophysical Earthquake (ground shaking) Nabire (Papua Province, Irian Jaya) 37 14,072 1,000
185 2004 Meteorological Local storm East Java, West Nusa TengarraProvinces, Bali Island 4 2,400 0
186 2004 Geophysical Earthquake (ground shaking) Padang panjang area (Sumatra) 5 507 0
187 2004 Hydrological General flood Jakarta area 5 13,000 60,000
188 2004 Meteorological Tropical cyclone
Cijeruk, Cipelang, Warung Menteng
(Cijerik sub-district, Bogor Regency,
West Java)
0 1,315 0
189 2004 Geophysical Earthquake (ground shaking) Alor district (Nusa Tenggara TimurProvince) 33 83,381 0
190 2004 Geophysical Earthquake (ground shaking) Nabire (Papouasie Occidentale) 32 12,833 55,000
191 2004 Geophysical Tsunami Aceh Province (Sumatra) 165,708 532,898 4,451,600
192 2005 Geophysical Earthquake (ground shaking) Celebes (Sulawesi) 1 684 0
193 2005 Geophysical Earthquake (ground shaking) Simeule, Nias, Banyak Islands, WestCoast 915 105,313 0
194 2005 Hydrological Flash flood
Sumatra - Aceh Tenggara District,
Badar Sub-District, Villages: Jongar,
Lawe Mengkudu, Lawe Penanggalan
and Jambur Lak Lak,
47 768 0
195 2005 Hydrological Flash flood Seumadam/Semadam districts (AcehProvince) 28 12,211 0
196 2005 Hydrological Flash flood
Panti, Tanggul, Arjasa, Rambipuji,
Kaliwates, Wuluhan, Patrang,
Balung, Puger sub-districts (Jember
district, Java Island)
79 7,811 0
197 2006 Hydrological General flood Bali, Lombok, Timor Islands 11 0 0
198 2006 Hydrological General flood
Rembang, Demak, Semarang,
Lasem, Pamotan, Sedan (Central
Java), J akarta, Kampung Melayu,
19 10,000 27,100
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Indramayu district (West Java)
199 2006 Hydrological Flash flood Manado city, Minahasa  (NorthSulawesi Province) 39 17,539 25,000
200 2006 Hydrological General flood
Bendungan, Trenggalek, Ogalan,
Karangan, Tugu, Durenan, Gandu
Sari (Java Island)
22 402 0
201 2006 Geophysical Earthquake (ground shaking)
Pela, Batu Junku, Waimarot,
Wailawa, Waimoly vilalges (Baa Bual
sub-district, Maluku Province)
3 1,202 0
202 2006 Geophysical Earthquake (ground shaking) Yogyakarta, Central Java 5,778 3,177,923 3,100,000
203 2006 Hydrological Flash flood
Sinjai, Jeneponto, Bulukumba,
Bantaeng, Luwu Utara, Bone, Gowa,
Sidrap, Selayar, Wajo, Soppeng
(South Sulawesi Province)
236 29,231 55,200
204 2006 Hydrological -- South Borneo Island 41 0 0
205 2006 Hydrological Flash flood Tanh Laut, Tanah Bumbu, Kotaburu(South Kalimantan Province) 52 18,250 0
206 2006 Hydrological General flood North Sulawesi Province 0 5,000 0
207 2006 Geophysical Tsunami
Tasikmalaya, Ciamis, Sukabumi,
Garut (West Java Province), Cilacap,
Kebumen, Banyumas (Central java
Province), Gunung Kidul, Bantul
(Yogyakarta Province)
802 35,543 55,000
208 2006 Geophysical Earthquake (ground shaking) Mandailing Natal district (MuaraSipongi sub-district, Sumatra Island) 8 1,200 0
209 2006 Hydrological Flash flood
Langkat, Mendaling Natal districts
(North Sumatra Province), Nanggroe
Aceh Darussalam, Riau Provinces
236 618,486 0
210 2006 Geophysical Earthquake (ground shaking) Bima (Sumbawa region) 1 114 0
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211 2007 Hydrological General flood Jakarta, Tangerang, Bekasi, Bogor,Depok 68 217,087 971,000
212 2007 Hydrological Flash flood
Reok, Cibal, Wae Ri'i, Lamba Leda,
Poco Renaka, Ruteng, Langke
Rembong, Kota Komba, Sambi
Rampas (East Nusa Tengarra
Province, Flores Island)
74 11,556 0
213 2007 Geophysical Earthquake (ground shaking)
Tanah Datar, Solok, Solok Kota,
Padang Pariaman, Padang Panjang,
Payakumbuh, Bukittinggi, Agam,
Lima Puluh Kota Districts (West
Sumatera)
67 137,660 200,000
214 2007 Hydrological General flood East Kalimantan Province (BorneoIsland) 4 60,000 0
215 2007 Hydrological General flood Celebes Island 58 5,000 0
216 2007 Hydrological General flood
Sole, Pelapa, Larongtong (Luwu
regency),  Larompong, Suli
subdistricts (South Sulawesi)
15 2,000 0
217 2007 Hydrological General flood
Morowali, Banggai, Parigi-Moutong,
Tolitoli, Tojo-Unauna (Touna), Poso
(Central Sulawesi)
88 3,389 0
218 2007 Geophysical Earthquake (ground shaking) Bengkulu, Jambi, West Sumatera,Padang districts (Sumatra Island) 25 459,567 500,000
219 2007 Hydrological -- Balikpapan area (East Kamimantan,Borneo Island) 4 1,000 0
220 2007 Geophysical Earthquake (ground shaking) Situbondo (Java Island) 0 469 0
221 2007 Geophysical Earthquake (ground shaking) Sumbawa district (Nusa TengarraBarat Island) 3 21,800 0
222 2007 Hydrological General flood Karanganyar, Sragen, Wonogiri, 127 269,515 0
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Sukoharjo, Surakarta, Banyumas,
Kudus, Grobodan, Pekalongan,
Demak, Blora, Cilacap, Pemalangan,
Pati, Tegal, Batang, Klaten districts
(Central Java Province), Ngawi,
Bojonegoro, Magetan, Trenggalek,
Pacitan, Lumajang, Ponogoro,
Jombang districts, Lamongab,
Jember, Tulungagung, Madiun,
Mojokerto, Gresik, Tuban districts
(East Java Province), Padang
(Pesisir Selatan district, West
Sulamera Province)
223 2008 Hydrological General Flood Bogor, Depok, East and SouthJakarta area, Tangerang (Java) 0 1,000 0
224 2008 Hydrological General Flood West, East and Central Jakarta 3 89,761 0
225 2008 Hydrological General Flood Pasuruan districts (East Java) 3 40,000 653
226 2008 Hydrological Flash Flood Situbondo city and district (EastJava) 14 7,000 0
227 2008 Geophysical Earthquake (ground shaking) Simeulue (North Sumatra) 3 25 0
228 2008 Hydrological General Flood Central Java, Timor Occidental, EastNusa Tengarra, Flores Island 11 3,500 0
229 2008 Hydrological General Flood
Lamongan, Ngawi,Bojonego regency
(East Java Province), Solo area
(Central Java)
3 12,000 0
230 2008 Hydrological General Flood Kampar, Pekanburu, KuantanSingingi, Sumatra, Riau Province 0 60,000 0
231 2008 Hydrological Flash Flood West Aceh 0 34,514 0
232 2008 Hydrological General Flood Gorontalo, North Sumatra, South 16 118,000 1,080
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Sulawesi, Maluku, Riau, Central
Sulawesi, West Java
233 2008 Geophysical Earthquake (ground shaking) Lahat (Bengkulu Province, SumatraIsland) 2 625 0
234 2008 Hydrological General Flood
Campaka, Cibeber districts (Cianjur
regency, West Java), West Sumatran
Bengkulu, South Sulawesi, Central
Sulawesi, West Sulawasi, Southeast
Sulawesi, Central Java, East Java,
East Kalimantan
33 84,420 0
235 2008 Geophysical Earthquake (ground shaking) Gorontalo, Buol district (SulawesiIsland) 6 10,077 0
236 2008 Hydrological General Flood
Central Java, Gorontalo, West
Kalimantan, Central Sulawesi, Bali,
Bengkulu, Banten, North Sumatra,
West Java
5 11,000 0
237 2008 Hydrological General Flood West Lombok district (West NusaTenggara Province) 24 15,000 0
238 2009 Hydrological Flash Flood North Sulawesi Province 6 704 0
239 2009 Geophysical Earthquake (ground shaking) Raba (Sumbawa Island) 2 1,475 2,000
240 2009 Hydrological Flash Flood Central Sulawesi 0 2,500 0
241 2009 Geophysical Earthquake (ground shaking)
Padang, Kota Padang, Bukittingi,
Pariaman, Psaman, Solok, Medan,
Bengkulu (Southern Sumatra)
1,117 2,501,250 2,200,000
242 2009 Geophysical Earthquake (ground shaking)
Cianjur, Bandung, Bandung Barat,
Garut, Tasikmalaya, Tasilmalaya city,
Sukabumi, Bogor, Ciasmis, Jakarta
districts, Sumedang, Cilacap,
Kuningan, Banjar, Puwakarta (West
128 339,792 160,000
IV - 14
II - 24
No Year DisasterGroups Disaster Types Locations Deaths
Affected
People
Total
Damage
('000 USD)
Java Province)
243 2009 Hydrological Flash Flood Muara, Batang Gadis, MandailingNatal (North Sumatra Province) 38 10,000 0
244 2009 Hydrological General Flood Cirendeu, Tangerang areas (Jakarta) 64 1,600 0
245 2009 Geophysical Earthquake (ground shaking) Kepulauan Talaud (Sulawesi) 0 3,049 9,000
246 2009 Hydrological Flash Flood East Java and Sulawesi Islands 18 12,000 0
247 2009 Geophysical Earthquake (ground shaking) Manokwari, Sorong (NorthEastPapua region) 5 4,250 10,000
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APPENDIX V
MAJOR FLOODS IN INDONESIA FROM 1907 UNTIL 2009
No Year DisasterTypes Disaster Subtypes Locations Deaths Affected
Total
Damage
(US$ 000)
1 1953 Flood -- 114 0 0
2 1966 Flood General flood Central, East Java 176 524,100 33,000
3 1967 Flood -- East Java 0 55,000 0
4 1967 Flood -- Jakarta 0 142,000 0
5 1967 Flood -- Ambon 0 7,000 0
6 1967 Flood -- Central Java 160 0 0
7 1968 Flood -- East Java 12 150,000 7,831
8 1970 Flood -- 82 0 0
9 1976 Flood Flash flood East Java, Lumajang 163 20,020 0
10 1977 Flood -- Jakarta, East Java 10 260,000 0
11 1977 Flood -- Central Java 0 25,000 0
12 1977 Flood -- Bandung district, Java 12 5,000 0
13 1978 Flood -- East Java 41 7,000 0
14 1978 Flood -- West Aceh, North Sumatra 21 8,000 0
15 1978 Flood -- Sumatra 0 200,000 0
16 1978 Flood -- Aceh 8 66,600 0
17 1979 Flood -- Flores Island 128 24,350 3,200
18 1979 Flood -- West Java 23 4,500 0
19 1979 Flood -- Borneo 13 6,000 0
20 1980 Flood -- Central Java 153 2,946 3,400
21 1981 Flood -- Mountain Semeru 500 0 2,200
22 1981 Flood Flash flood Jarkarta 9 212,000 0
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23 1981 Flood -- Central Java 0 140,000 0
24 1982 Flood -- South Borneo 0 25,000 0
25 1982 Flood -- Irian Jaya 0 12,500 0
26 1982 Flood -- Central Sumatra 3 1,500 0
27 1983 Flood -- Banggai 11 2,000 0
28 1983 Flood -- Aceh, Sumatra 2 5,000 0
29 1983 Flood -- Java, Yogyakarta 7 410,497 7,007
30 1984 Flood -- West Java 0 2,700 1,500
31 1984 Flood -- Bandung Region (West Java) 0 37,500 0
32 1984 Flood -- Central, East, West Java, Jogyakarta, North Sumatra 26 320,000 0
33 1985 Flood Flash flood Northern Sulawesi 21 300 0
34 1985 Flood General flood Central and East Java, Eastern Island 10 2,000 0
35 1985 Flood
Storm surge/
coastal flood West coast of Sumatra 11 2,000 0
36 1986 Flood -- West Java 2 38,000 0
37 1986 Flood General flood Bengkulu, Lampung Provinces (South Sumatra) 96 20,000 0
38 1986 Flood -- East Java Province 77 19,000 0
39 1986 Flood -- 0 50,000 0
40 1987 Flood General flood Eastern Java 3 26,000 1,700
41 1987 Flood -- Bengkulu (South Sumatra) 37 0 4,000
42 1987 Flood -- West Sumatra 38 884 0
43 1987 Flood -- Esp. Polmas, Pinrang (Sulawesi) 119 0 60,000
44 1987 Flood -- Aceh Province (North Sumatra) 4 2,000 0
45 1988 Flood General flood Central & West Java, Sumatra, Kalimantan 158 100,000 4,600
46 1988 Flood General flood Flores Island 21 0 0
47 1989 Flood -- Madiun Regency (East Java) 0 29,000 0
48 1989 Flood -- Ambon (Malucu Island) 18 32,500 0
49 1990 Flood General flood
Semarang, Temanggung, Batang, Kendal, Pati, Sragen,
Grobongan, Cilacap, Demak, Rembang, Banyumas 169 21,000 4,800
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municipalities (Central Java)
50 1990 Flood -- Bogor (Jakarta) 22 0 0
51 1991 Flood General flood Kalimantan Province 97 0 0
52 1991 Flood General flood Riau, Jambi, Lampung Provinces (Sumatra) 15 240,000 14,800
53 1992 Flood -- Trenggalek (East Java) 57 265,553 0
54 1993 Flood General flood
Northern coast from Indramayu District in West Java to
Gresik District in East Java 59 259,553 19,301
55 1993 Flood Flash flood
Tanggerang, Serang and Lebak districts (West Java
Province) 72 8,000 0
56 1994 Flood General flood City of Bandung (West Java) 4 30,000 1,900
57 1994 Flood -- Simalungun District 8 1,000 0
58 1994 Flood -- Riau Province 3 60,000 0
59 1994 Flood General flood
Ngawi, Tuban, Bojonegoro, Gresik, Lamongan (East
Java) 33 187,131 18,145
60 1994 Flood -- Pesisir Selatan (West Sumatra Province) 6 640 1,500
61 1994 Flood General flood West Nusa Tengara Province 5 50,000 1,700
62 1995 Flood General flood Riau 3 3,000 0
63 1995 Flood General flood Java, Sumatra 47 36,000 400
64 1995 Flood General flood
Tapanuli, Labuhan districts (Northern Sumatra
Province) 45 17,500 0
65 1995 Flood Flash flood Bengkulu (Northern Sumatra) 27 2,200 0
66 1995 Flood General flood North Aceh 18 201,472 50,000
67 1996 Flood General flood Jakarta 20 556,000 434,800
68 1996 Flood General flood Sulu Musi district, Lahat Regency (South Sumatra) 34 527 430
69 1996 Flood Flash flood
Banyumas, Cilacap, Kebumen, Semarang (Central
Java Province) 13 5,007 300
70 1996 Flood -- Piddie, Utara & Blora Districts 14 10,000 0
71 1996 Flood General Flood Jakarta 6 252,965 126,900
72 1998 Flood -- East Kalamatan 4 100,000 0
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73 1999 Flood -- Sulawesi, Java 12 16,000 0
74 2000 Flood Flash flood
Malaka Tengah, Malaka Barat sub-districts (Belu
District, West Timor), East Timor 126 50,000 79,000
75 2000 Flood General flood
Aceh, Riau, Jambi (Tanah Datar, Pesisir Selatan,
Taratak Teleng districts) 100 386,021 34,000
76 2000 Flood -- Phetchabun 9 12,500 506
77 2000 Flood Flash flood
Bitung, Bolang Mongondow, Minahasa, Manado (North
Sulawesi Island), Taliwan, Lunyuk districts (Sumbawa
Island), Kulonprogo (Central Java) 38 39,852 0
78 2001 Flood Flash flood
Jember (East Java Province, North Sulawesi), West
Java Province, Banten Province 130 80,000 10,000
79 2001 Flood General flood Nias Island (North Sumatra Province) 257 3,694 0
80 2001 Flood -- Sentani (Papua Province) 0 0 0
81 2001 Flood General flood Sumatra Island, Sulawesi Province 15 2,000 0
82 2002 Flood General flood Dempo Utara (Southern Sumatra Island) 21 40 0
83 2002 Flood General flood Medan city (North Sumatra) 13 2,000 0
84 2002 Flood General flood
Bondowoso, Sampang, Surabaya, Majokerto,
Lumajang, Sidoarjo (East Java), South Sulawasi, East
Nusa Tenggara, Greater Jakarta 150 500,750 350,000
85 2002 Flood General flood Gomo and Amandraya sub-districts (Nias Island) 14 780 0
86 2002 Flood General flood Sumba Island (East Nusa Tenggara) 19 0 0
87 2002 Flood General flood Kolaka district (Sulawesi Province) 0 1,000 0
88 2002 Flood General flood
South Aceh, Southwest Aceh, Nagan Raya, Aceh
Dingkil (Nanggroe Aceh Darussallam Province), Central
Tapanuli, Nias Island (North Sumatra Province) 13 87,000 1,600
89 2003 Flood General flood Java, Sulawesi islands 3 10,000 0
90 2003 Flood -- Batu anyar village (West Lombok) 0 230 0
91 2003 Flood --
Solok, Kapai Tabu Karambia, Sinipa Piliang, Sembilan
Korong, Aro Empat Korong, Pasar Pandan Air Mati, Kel 10 3,700 0
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Koto Panjang
92 2003 Flood Flash flood Cilacap district (Central Java) 1 15,000 0
93 2003 Flood General flood Jakarta area 3 33,000 0
94 2003 Flood Flash flood
Bahorok sub-district (Langkat district , North Sumatra),
Banyumas, Cilacap, Kebumen districts (Central Java) 241 1,498 0
95 2003 Flood General flood
Muraro, Jambi, Tanjab Timur, Batanghari (Jambi
Province), Indragiri Hulu, Pelalawan districts (Riau
Province) – Sumatra 8 25,000 0
96 2003 Flood General flood
Jambi, Riau, South and North Sumatra, South and
North Sulawesi 148 350,000 0
97 2004 Flood General flood Jakarta area 5 13,000 60,000
98 2005 Flood Flash flood
Sumatra - Aceh Tenggara District, Badar Sub-District.
Villages: Jongar, Lawe Mengkudu, Lawe Penanggalan
and Jambur Lak Lak. 47 768 0
99 2005 Flood Flash flood Seumadam/Semadam districts (Aceh Province) 28 12,211 0
100 2005 Flood Flash flood
Panti, Tanggul, Arjasa, Rambipuji, Kaliwates, Wuluhan,
Patrang, Balung, Puger sub-districts (Jember district,
Java Island) 79 7,811 0
101 2006 Flood General flood Bali, Lombok, Timor Islands 11 0 0
102 2006 Flood General flood
Rembang, Demak, Semarang, Lasem, Pamotan, Sedan
(Central Java), J akarta, Kampung Melayu, Indramayu
district (West Java) 19 10,000 27,100
103 2006 Flood Flash flood Manado city, Minahasa  (North Sulawesi Province) 39 17,539 25,000
104 2006 Flood General flood
Bendungan, Trenggalek, Ogalan, Karangan, Tugu,
Durenan, Gandu Sari (Java Island) 22 402 0
105 2006 Flood Flash flood
Sinjai, Jeneponto, Bulukumba, Bantaeng, Luwu Utara,
Bone, Gowa, Sidrap, Selayar, Wajo, Soppeng (South
Sulawesi Province) 236 29,231 55,200
106 2006 Flood -- South Borneo Island 41 0 0
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107 2006 Flood Flash flood
Tanh Laut, Tanah Bumbu, Kotaburu (South Kalimantan
Province) 52 18,250 0
108 2006 Flood General flood North Sulawesi Province 0 5,000 0
109 2006 Flood Flash flood
Langkat, Mendaling Natal districts (North Sumatra
Province), Nanggroe Aceh Darussalam, Riau Province 236 618,486 0
110 2007 Flood General flood Jakarta, Tangerang, Bekasi, Bogor, Depok 68 217,087 971,000
111 2007 Flood Flash flood
Reok, Cibal, Wae Ri'i, Lamba Leda, Poco Renaka,
Ruteng, Langke Rembong, Kota Komba, Sambi
Rampas (East Nusa Tengarra Province, Flores Island) 74 11,556 0
112 2007 Flood General flood East Kalimantan Province (Borneo Island) 4 60,000 0
113 2007 Flood General flood Sulawesi Island 58 5,000 0
114 2007 Flood General flood
Sole, Pelapa, Larongtong (Luwu regency),  Larompong,
Suli subdistricts (South Sulawesi) 15 2,000 0
115 2007 Flood General flood
Morowali, Banggai, Parigi-Moutong, Tolitoli, Tojo-
Unauna (Touna), Poso (Central Sulawesi) 88 3,389 0
116 2007 Flood -- Balikpapan area (East Kalimantan, Borneo Island) 4 1,000 0
117 2007 Flood General flood
Karanganyar, Sragen, Wonogiri, Sukoharjo, Surakarta,
Banyumas, Kudus, Grobodan, Pekalongan, Demak,
Blora, Cilacap, Pemalangan, Pati, Tegal, Batang,
Klaten districts (Central Java Province), Ngawi,
Bojonegoro, Magetan, Trenggalek, Pacitan, Lumajang,
Ponogoro, Jombang districts, Lamongab, Jember,
Tulungagung, Madiun, Mojokerto, Gresik, Tuban
districts (East Java Province), Padang (Pesisir Selatan
district, West Sulamera Province) 127 269,515 0
118 2008 Flood General Flood
Bogor, Depok, East and South Jakarta area, Tangerang
(Java) 0 1,000 0
119 2008 Flood General Flood West, East and Central Jakarta 3 89,761 0
120 2008 Flood General Flood Pasuruan districts (East Java) 3 40,000 653
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121 2008 Flood Flash Flood Situbondo city and district (East Java) 14 7,000 0
122 2008 Flood General Flood
Central Java, Timor Occidental, East Nusa Tengarra,
Flores Island 11 3,500 0
123 2008 Flood General Flood
Lamongan, Ngawi,Bojonego regency (East Java
Province), Solo area (Central Java) 3 12,000 0
124 2008 Flood General Flood
Kampar, Pekanburu, Kuantan Singingi, Sumatra, Riau
Province 0 60,000 0
125 2008 Flood Flash Flood West Aceh 0 34,514 0
126 2008 Flood General Flood
Gorontalo, North Sumatra, South Sulawesi, Maluku,
Riau, Central Sulawesi, West Java 16 118,000 1,080
127 2008 Flood General Flood
Campaka, Cibeber districts (Cianjur regency, West
Java), West Sumatran Bengkulu, South Sulawesi,
Central Sulawesi, West Sulawasi, Southeast Sulawesi,
Central Java, East Java, East Kalimantan 33 84,420 0
128 2008 Flood General Flood
Central Java, Gorontalo, West Kalimantan, Central
Sulawesi, Bali, Bengkulu, Banten, North Sumatra, West
Java 5 11,000 0
129 2008 Flood General Flood West Lombok district (West Nusa Tenggara Province) 24 15,000 0
130 2009 Flood Flash Flood North Sulawesi Province 6 704 0
131 2009 Flood Flash Flood Central Sulawesi 0 2,500 0
132 2009 Flood Flash Flood
Muara, Batang Gadis, Mandailing Natal (North Sumatra
Province) 38 10,000 0
133 2009 Flood General Flood Cirendeu, Tangerang areas (Jakarta) 64 1,600 0
134 2009 Flood Flash Flood East Java and Sulawesi Islands 18 12,000 0
Source : www.em-dat.net - Université Catholique de Louvain - Brussels - Belgium" http://cest-ma-maison,net/recipe/ (accessed on
May 10th, 2010).
V - 7
II - 10
APPENDIX VI
VULNERABILITY FACTORS BASED ON THE
GROUP
NO Name of Vulnerability Factors
Frequency of
vulnerability
factors in 18
literature reviews
A INDIVIDUAL – SOCIAL
1 Age 11
2 Population numbers 1
3 Tourists 1
4 Gender 11
5 Migrants 1
6 Special needs populations 4
7 Health status 3
8 Attitude of population to disaster 3
9 Understanding of hazards 4
10 Access  to information 1
11 Participation  in disaster management 3
12 Experience 1
13 Risk perception 3
14 Stress 1
15 Acceptance 2
16 Bravado (courage) 1
17 Ethnicity 6
18 Language 3
19 Household  characteristics 4
20 Education 10
21 Literacy 5
22 Social dependence 2
23 Religion/beliefs 4
24 Rituals 1
25 Social status in political power 1
26 Social status in prestige 1
27 % social security beneficiaries 1
28 CBR (crude birth rate) 2
29 Median house loan repayment 1
30 Life expectancy 2
31 Savings 2
32 Motivation to live in the area 1
VI - 1
II - 11
33 Length of stay 2
34 Home ownership 5
35 Possibility of asset losses 2
36 Trust in receiving support 1
37 Trust in the authority figure 1
38 Recovery time estimation 1
39 The substitutability of lost items 1
40 Cereals production 1
41 Undernourishment (famine) 1
42 Animal protein consumption 1
43 Ability to swim 1
B INDIVIDUAL - PHYSICAL
1 Mobile homes 1
2 Building age 3
3 Telephone connection 1
4 Water use 3
5 Main sources of household energy 1
6 Housing at risky location 2
7 Population with internet connection 1
8 Fertiliser use 1
9 Building materials 5
10 Building's height/storey 2
11 House's function 1
12 Building maintenance 1
INDIVIDUAL – ECONOMIC
1 Occupation 7
2 Income 10
3 Low income family 13
4 Business register 1
5 Levels of individual economic reserves 4
6 Percentage of female participation in the labor force 1
7 Informal and formal insurance 4
8 Degree of access to credit, loans and insurance 1
9 Dependency on money lenders 1
10 Working children 1
11 Monthly expenses, electricity cost 1
12 Ownership of goods 1
C COMMUNITY - SOCIAL
1 Plans 1
2 Possibility of earthquake prevention/prognosis 3
3 Population density 7
4 Trained people 1
5 Public safety ethic 1
6 Food security in emergency events 5
VI - 2
II - 12
7 Population distribution 1
8 Population structure 4
9 Public health 1
10 Service dependence 2
11 Government grants 1
12 Institutional development 2
13 Media, public information 1
14 Availability of information 1
15 Ability to monitor 1
16 Organisational systems 5
17 Social interaction 3
18 Presence of local leaders in early warning systemdissemination 2
19 NGOs 2
20 History 1
21 Population at risk 4
22 Protein consumption/capita 1
23 Marginalisation 2
24 Degree of collective responsibility 2
25 External support provided by friends, government, and privatedonors 1
26 Expenditures on defence versus health and education 1
27 Urban population growth rate 1
28 Maternal mortality 1
29 Child death rate from respiratory diseases 1
30 Death rate from intestinal infectious diseases 1
31 Under 5 mortality 1
32 Remoteness of a settlement 1
33 The existence of peace and security 1
34 Local wisdom 2
35 Lack of participation in disaster management 1
36 Local law dealing with risk 1
37 Appropriate programs and research efforts 1
D COMMUNITY – PHYSICAL
1 Infrastructure 6
2 Land use management 5
3 Accessibility 3
4 Shelter 2
5 Critical facilities 2
6 Utilities 2
7 Communication 1
8 Civil works protection 1
9 Median house value 1
10 Land covers 1
11 Topography 2
VI - 3
II - 13
12 SO2/ state area 2
13 Fertiliser use/cropland area 1
14 Renewable supply and inflow 1
15 Disaster frequencies 2
16 Disaster characteristics 1
17 Air 1
18 Flora and fauna 1
19 Techniques employed to build infrastructures 1
E COMMUNITY – ECONOMIC
1 Investments 4
2 Land valuations 1
3 Production 1
4 Productivity 1
5 % rural farm population 2
6 Income inequality (gini coefficient) 3
7 Below/negative average employment growth 1
8 Below/negative income growth 1
9 >% in declining occupations 1
10 >% in declining industries 1
11 Low level of attachment to the labor force 1
12 % land area in farm 1
13 GDP (market)/per capita 2
14 Levels of community economic reserves 1
15 Economic diversity 1
F SOCIAL NETWORK - SOCIAL
1 Plans 1
2 Presence of early warning system 3
3 Media, public information 1
4 Inter/intra agency 1
5 Ability to monitor 1
6 Organisational systems 5
7 Social interaction 3
8 Government services 1
9 Non-government services 2
10 Laws dealing with risk 2
11 Political 1
12 Appropriate programs and research efforts 1
13 Institutional development 1
14 External support provided by friends, government, and privatedonors 1
15 Expenditures on defence versus health and education 1
16 Degree of democratisation 1
17 Human freedom index 1
18 Lack of participation in disaster management 1
G SOCIAL NETWORK - PHYSICAL
VI - 4
II - 14
1 Regional transport 2
2 Infrastructures 3
3 Communication 1
4 Number of Nuclear Plants 1
5 Lifeline facilities 2
6 Techniques employed to build infrastructures 1
H SOCIAL NETWORK - ECONOMIC
1 Investments 1
2 Levels of national economic reserves 1
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APPENDIX VII
ASSESSING VULNERABILITY FACTORS BASED
ON SUITABILITY VALUE TO MY CASE STUDY
No
Name of
Vulnerability
Factors
Frequency of
Vulnerability
Factors in 18
Literature
Reviews
Suitability
to My
Case
Study
Basis of Rationale of Factors’
Application to My Case Study
A INDIVIDUAL - SOCIAL
1 Age 11 YES It is applied in many cases.
2 Populationnumbers 1 NO Few case studies use this factor.
3 Tourists 1 NO Small number of tourists in Centini.
4 Gender 11 YES Women usually give significant supportto social activities in their community.
5 Migrants 1 NO Not many migrants in case study area.
6 Special needspopulations 4 YES
Disadvantaged groups could be the
most vulnerable people.
7 Health status 3 NO Too general for my case study as it is amix of factors.
8
Attitude  of
population to
disaster
3 YES It relates to community’s behaviour inresponding to the events.
9 Understanding ofhazards 4 YES
It relates to community’s behaviour in
responding to the events.
10 Access  toinformation 1 YES
Information is one of the key factors in
responding to hazards.
11
Participation  in
disaster
management
3 YES Participation is one of the key factors inresponding to hazards.
12 Experience 1 NO It will be represented by factor no. A.9.
13 Risk perception 3 NO It will be represented by factor no. A.9.
14 Stress 1 NO It will be represented by factor no. A.9.
15 Acceptance 2 NO It will be represented by factor no. A.10.
16 Bravado (courage) 1 NO It will be represented by factor no. A.10.
17 Ethnicity 6 NO Single ethnicity in my case study.
18 Language 3 NO Single local language in my case study.
19 Householdcharacteristics 4 NO
Too general for my case study as it is a
mix of factors.
20 Education 10 YES It is applied in many cases.
21 Literacy 5 NO It will be represented by factor no. A.20
22 Socialdependence 2 YES
It represents the characteristics of a poor
village.
23 Religion/beliefs 4 NO Single religion in my case study.
24 Rituals 1 NO It will be represented by factor no. A.23.
25 Social status inpolitical power 1 YES
Leadership may have large influence on
disaster responses.
26 Social  status inprestige 1 NO It will be represented by factor no. A.25.
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No
Name of
Vulnerability
Factors
Frequency of
Vulnerability
Factors in 18
Literature
Reviews
Suitability
to My
Case
Study
Basis of Rationale of Factors’
Application to My Case Study
27
Percentage of
social security
beneficiaries
1 YES Social safety net program may minimisethe stress of disaster's impacts
28 CBR (crude birthrate) 2 NO
Irrelevant factor and few case studies
use this factor.
29 Median houseloan repayment 1 NO
Irrelevant factor and few case studies
use this factor.
30 Life expectancy 2 NO Irrelevant factor and few case studiesuse this factor.
31 Savings 2 YES It may influence disaster recovery.
32 Motivation to livein the area 1 NO
Not many migrants in my case study
area.
33 Length of stay 2 NO Same as no. A.32.
34 Home ownership 5 YES Ownership may have some influence onparticipation process of DRM
35 Possibility of assetlosses 2 NO
Irrelevant factor and few case studies
use this factor.
36 Trust in receivingsupport 1 NO Irrelevant factor.
37 Trust  in theauthority figure 1 YES Trust may influence disaster responses.
38 Recovery timeestimation 1 NO
Irrelevant factor and part of vulnerability
indicators.
39 The substitutabilityof lost items 1 NO Irrelevant factor.
40 Cerealsproduction 1 NO Irrelevant factor.
41 Undernourishment(famine) 1 NO Irrelevant factor.
42 Animal proteinconsumption 1 NO Irrelevant factor.
43 Ability to swim 1 YES It can be generalised as a skill of peoplein DRM.
B INDIVIDUAL - PHYSICAL
1 Mobile homes 1 NO Irrelevant factor.
2 Building age 3 YES It relates to physical vulnerability.
3 Telephoneconnection 1 YES
It can be generalised into
communication media.
4 Water use 3 YES It is a basic survival infrastructure.
5 Main sources ofhousehold energy 1 NO Irrelevant factor.
6 Housing at riskylocation 2 YES It relates to vulnerable building.
7
Population with
internet
connection
1 NO Irrelevant factor.
8 Fertiliser use 1 NO Irrelevant factor.
9 Building materials 5 YES It relates to vulnerable building.
10 Building'sheight/storey 2 YES It relates to the inundation height.
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No
Name of
Vulnerability
Factors
Frequency of
Vulnerability
Factors in 18
Literature
Reviews
Suitability
to My
Case
Study
Basis of Rationale of Factors’
Application to My Case Study
11 House's function 1 NO Majority of houses are for living in.
12 Buildingmaintenance 1 NO It will be represented by factor no. B.9.
C INDIVIDUAL – ECONOMIC
1 Occupation 7 NO
Variety of occupations will not affect the
response of individuals to disaster
events but the amount of earnings will
influence vulnerability.
2 Income 10 YES It will significantly affect vulnerability.
3 Low income family 13 NO It will be represented by factor no. C.2.
4 Business register 1 NO Irrelevant for rural setting case study.
5
Levels of
individual
economic
reserves
4 YES It will affect the recovery process.
6
Percentage of
female
participation in the
labor force
1 NO Females and males are equallyimportant players in DRM.
7 Informal andformal insurance 4 YES It shares the risk.
8
Degree of access
to credits, loans
and insurance
1 YES It may be alternative economic sourceafter disaster.
9 Dependency onmoney lenders 1 NO It will be represented by factor no. C.8.
10 Working children 1 NO Irrelevant for my case study.
11 Monthly expenses,electricity cost 1 NO It will be represented by factor no. C.2.
12 Ownership ofgoods 1 NO It will be represented by factor no. C.2.
D COMMUNITY - SOCIAL
1 Plans 1 YES It reduces buildings in high risk areas.
2
Possibility of
earthquake
prevention/prog-
nosis 3 NO Irrelevant to flood case study.
3 Population density 7 YES
It may identify the highest or lowest risk
areas.
4 Trained people 1 YES It may enhance disaster responses.
5 Public safety ethic 1 NO Irrelevant to my case study.
6
Food security in
emergency events 5 YES
It assists the victims in emergency
situation.
7
Population
distribution 1 NO It will be represented by factor no. D.3.
8
Population
structure 4 NO It will be represented by factor no. A.1.
9 Public health 1 NO Irrelevant to my case study.
10
Service
dependence 2 NO Irrelevant to my case study.
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No
Name of
Vulnerability
Factors
Frequency of
Vulnerability
Factors in 18
Literature
Reviews
Suitability
to My
Case
Study
Basis of Rationale of Factors’
Application to My Case Study
11
Government
grants 1 YES It assists victims.
12
Institutional
development 2 NO It is too general.
13
Media, public
information 1 YES It relates to mass media communication.
14
Availability of
information 1 NO It is already included in factor no. D.13.
15 Ability to monitor 1 NO It will be represented by factor no. A.11.
16
Organisational
systems 5 YES
It enhances social capital within a
community.
17 Social interaction 3 YES
It enhances social capital within a
community.
18
Presence of local
leaders in early
warning system
dissemination 2 NO It will be represented by factor no. D.4.
19 NGOs 2 YES NGOs can support a community.
20 History 1 NO It will be represented by factor no. A.9.
21 Population at risk 4 NO It will be represented by factor no. D. 3.
22
Protein
consumption
/capita 1 NO Irrelevant factor for my case study.
23 Marginalisation 2 YES It increases the level of vulnerability.
24
Degree of
collective
responsibility 2 YES
It enhances the social capital within a
community.
25
The external
support provided
by friends,
government and
private donors 1 NO It will be represented by factor no. G.14.
26
Expenditures on
defence versus
health and
education 1 NO Irrelevant factor for my case study.
27
Urban population
growth rate 1 YES It predicts the population.
28 Maternal mortality 1 NO It is represented by factor no. D.31.
29
Child death rate
from respiratory
diseases 1 NO It is represented by factor no. D.31.
30
Death rate from
intestinal
infectious
diseases 1 NO It is represented by factor no. D.31.
31
Under 5 years old
mortality 1 YES
One of the indicators in measuring public
health status.
32
Remoteness of a
settlement 1 NO It is represented by factor no. E.3.
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Frequency of
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Literature
Reviews
Suitability
to My
Case
Study
Basis of Rationale of Factors’
Application to My Case Study
33
The existence of
peace and
security 1 NO Irrelevant factor for my case study.
34
Local wisdom
2 NO It is represented by factor no. A.8.
35
Lack of
participation in
disaster
management 1 YES It influences community resilience.
36
Local law dealing
with risk 1 YES
It supports the legalisation aspect of
DRM.
37
Appropriate
programs and
research efforts 1 YES It supports DRM.
E COMMUNITY – PHYSICAL
1
Infrastructure
6 YES It reduces the impact of disasters.
2
Land use
management 5 NO It is represented by factor no. E.1.
3
Accessibility
3 YES It helps in emergency responses.
4 Shelter 2 NO It is represented by factor no. E.5.
5 Critical facilities 2 YES It helps in emergency responses.
6 Utilities 2 YES It reduces the impact of disasters.
7 Communication 1 YES It increases social capital.
8
Civil works
protection 1 YES It reduces the impact of disaster.
9
Median house
value 1 NO Irrelevant factor for my case study.
10
Land covers
1 NO It is represented by factor no. D.1.
11 Topography 2 YES It influences physical vulnerability.
12 SO2/ state area 2 NO Irrelevant factor for my case study.
13
Fertiliser
use/cropland area 1 NO Irrelevant factor for my case study.
14
Renewable supply
and inflow 1 NO Irrelevant factor for my case study.
15
Disaster
frequencies 2 NO
It relates to hazard term rather than
vulnerability.
16
Disaster
characteristics 1 NO
It relates to hazard term rather than
vulnerability
17 Air 1 NO Irrelevant factor for my case study.
18 Flora and fauna 1 NO Irrelevant factor for my case study.
19
Techniques
employed to build
infrastructures 1 NO
Major infrastructures are government
infrastructures which use specific
standards of building.
F COMMUNITY – ECONOMIC
1 Investments 4 YES It relates to rebuilding the community
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Reviews
Suitability
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Study
Basis of Rationale of Factors’
Application to My Case Study
after disaster event.
2 Land valuations 1 YES It forces community to live in risky areas.
3 Production 1 NO Irrelevant factor for my case study.
4 Productivity 1 NO Irrelevant factor for my case study.
5
% rural farm
population 2 NO Irrelevant factor for my case study.
6
Income inequality
(gini coefficient) 3 NO Irrelevant factor for my case study.
7
Below/negative
average
employment
growth 1 NO It is represented by factor no. C.2.
8
Below/negative
income growth 1 NO It is represented by factor no. C.2.
9
>% in declining
occupations 1 NO Irrelevant factor for my case study.
10
>% in declining
industries 1 NO Irrelevant factor for my case study.
11
Low level of
attachment to the
labor force 1 NO Irrelevant factor for my case study.
12
% land area for
farming 1 NO It is represented by factor no. C.2.
13
GDP (market)/per
capita 2 NO It is represented by factor no. C.2.
14
Levels of
community
economic
reserves 1 YES
It will affect the budget that will be
allocated for DRM.
15
Economic diversity
1 YES It may increase the level of resilience.
G SOCIAL NETWORK - SOCIAL
1
Plans
1 YES Same as D.1.
2
Presence of early
warning system 3 YES It enhances disaster responses.
3
Media, public
information 1 YES It spreads the information.
4
Inter/intra agency
(Coordination) 1 YES It increases disaster management.
5 Ability to monitor 1 NO It is represented by factor no. G.2.
6
Organisational
systems 5 YES It enhances social capital.
7 Social interaction 3 YES It enhances social capital.
8
Government
services 1 YES It enhances DRM.
9
Non-government
services 2 NO Irrelevant factor for my case study.
VII - 6
II - 22
No
Name of
Vulnerability
Factors
Frequency of
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Literature
Reviews
Suitability
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Case
Study
Basis of Rationale of Factors’
Application to My Case Study
10
Laws dealing with
risk 2 YES It is represented by factor no. D.36.
11 Politics 1 NO It is represented by factor no. G.10.
12
Appropriate
programmes and
research efforts 1 YES It supports DRM designs.
13
Institutional
development 1 NO Too general for my case study.
14
The external
support provided
by friends,
government and
private donors 1 YES It helps emergency responses.
15
Expenditures on
defence versus
health and
education 1 NO Irrelevant factor for my case study.
16
Degree of
democratisation 1 NO Irrelevant factor for my case study.
17
Human freedom
index 1 NO Too general for my case study.
18
Lack of
participation in
disaster
management 1 YES It increases community resilience.
G SOCIAL NETWORK - PHYSICAL
1 Regional transport 2 YES
It connects community with places
outside of my case study area.
2
Infrastructures
3 YES It reduces impact of disaster.
3
Communication
1 YES It increases social capital.
4
Number of
Nuclear Plants 1 NO Irrelevant factor for my case study.
5
Lifeline facilities
2 YES It helps in emergency responses.
6
Techniques
employed to build
infrastructures 1 NO Same as no. E.19.
H SOCIAL NETWORK - ECONOMIC
1 Investments 1 YES It relates to rebuilding the community.
2
Levels of national
economic
reserves 1 YES
It will affect municipal/provincial/national
government assistance in DRM.
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APPENDIX VIII
PRIORITISING VULNERABILITY FACTORS BASED
ON THEIR SUITABILITY TO THE CASE STUDY
NO
Name of
Vulnerability
Factors
Frequency of
Vulnerability
Factors’
existence
based on 18
literature
reviews
Rationality of Suitability
Level
of
priority
A INDIVIDUAL - SOCIAL
1 Age 11 It is applied in many cases. H
2 Gender 11
Women usually have significant
support in social activities in their
community.
M
3 Special needspopulations 4
Disadvantaged group could be the
most vulnerable people. H
4
Attitude of
population to
disaster
3 It relates to community’s behaviourin responding to the events. H
5 Understandingof hazards 4
It relates to community’s behaviour
in responding to the events. M
6 Access  toinformation 1
Information is one of the key factors
in responding to hazards. M
7
Participation in
disaster
management
3 Participation is one of the keyfactors in responding to hazards. H
8 Education 10 It is applied in many cases. L
9 Socialdependence 2
It represents the characteristics of a
poor village. M
10 Social status inpolitical power 1
Leadership may have large
influence on disaster responses. M
11
Percentage of
social security
beneficiaries
1
Social safety net program may
minimise the stress of a disaster's
impacts.
M
12 Savings 2 It may influence disaster recovery. M
13 Home ownership 5
Ownership may have some
influence on participation process of
DRM.
M
14 Trust  in theauthority figure 1
Trust may influence disaster
responses. H
15 Ability to swim 1
It can be generalised as skilled
people in DRM. H
B INDIVIDUAL - PHYSICAL
16 Building age 3 It relates to physical vulnerability. M
17
Telephone
connection
(communication)
1 It can be generalised intocommunication media. H
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Factors’
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based on 18
literature
reviews
Rationality of Suitability
Level
of
priority
18 Water use 3 It is a basic infrastructure to survive M
19 Housing at riskylocation 2 It relates to vulnerable building. H
20 Buildingmaterials 5 It relates to vulnerable building. H
21 Building'sheight/storey 2 It relates to the inundation height. M
C INDIVIDUAL - ECONOMIC
22 Income 10 It will significantly affect thevulnerability. H
23
Levels of
individual
economic
reserves
4 It will affect the recovery process. H
24 Informal andformal insurance 4 It shares the risk. H
25
Degree of
access to credit,
loans and
insurance
1 It may be alternative economicsources after disaster. M
D COMMUNITY - SOCIAL
26 Plans 1 It reduces buildings in high risk
areas.
H
27 Populationdensity 7
It may identify the highest or lowest
risk areas. H
28 Trained  people 1 It may enhance disaster responses. L
29
Food security in
emergency
events
5 It assists the victims in emergency
situations.
H
30 Governmentgrants 1 It assists victims. H
31 Media, publicinformation 1
It relates to mass media
communication. M
32 Organisationalsystems 5
It enhances social capital within a
community. M
33 Socialinteraction 3
It enhances social capital within a
community. H
34 NGOs 2 NGOs can support a community. H
35 Marginalisation 2 It increases the level ofvulnerability. M
36
Degree of
collective
responsibility
2 It enhances the social capital within
a community.
H
37
Urban
population
growth rate
1
It predicts the population numbers.
M
38 Under 5mortality 1
One of the indicators in measuring
public health status. L
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literature
reviews
Rationality of Suitability
Level
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priority
39
Lack  of
participation in
disaster
management
1
It influences community resilience.
H
40 Local lawdealing with risk 1
It supports the legalisation aspect of
DRM. M
41
Appropriate
programs and
research efforts
1
It supports DRM.
M
E COMMUNITY - PHYSICAL
42 Infrastructure 6 It reduces the impact of disaster. H
43 Accessibility 3
It helps in emergency responses.
H
44 Critical facilities 2 It helps in emergency responses. H
45 Utilities 2 It reduces the impact of disaster. H
46 Communication 1 It increases social capital. M
47 Civil worksprotection 1 It reduces the impact of disaster. M
48 Topography 2 It influences physical vulnerability. H
F COMMUNITY - ECONOMIC
49 Investments 4 It relates to rebuilding thecommunity after disaster event. M
50 Land valuations 1 It forces community to live in riskyareas. M
51
Levels of
community
economic
reserves
1 It will affect the budget that will be
allocated for DRM.
H
52 Economicdiversity 1
It may increase the level of
resilience. H
G SOCIAL NETWORK - SOCIAL
53 Plans 1 It reduces buildings in high risk
areas.
H
54
Presence of
early warning
system (EWS)
3
It enhances disaster responses.
H
55 Media, publicinformation 1 It spreads the information. M
56 Inter/intraagency 1 It increases disaster management. M
57 Organisationalsystems 5 It enhances social capital. H
58 Socialinteraction, 3 It enhances social capital. H
59 Governmentservices 1 It enhances DRM. H
60 Laws dealing 2 It supports the legalisation aspect of M
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NO
Name of
Vulnerability
Factors
Frequency of
Vulnerability
Factors’
existence
based on 18
literature
reviews
Rationality of Suitability
Level
of
priority
with risk DRM.
61
Appropriate
programs and
research efforts
1
It supports DRM designs.
M
62
The external
support provided
by friends,
government, and
private donors.
1
It helps emergency responses.
H
63
Lack  of
participation in
disaster
management
1
It increases community resilience.
M
H SOCIAL NETWORK - PHYSICAL
64 Regionaltransport 2
It connects community with outside
of my case study. H
65 Infrastructures 3 It reduces impact of disaster. H
66 Communication 1 It increases social capital. H
67 Lifeline facilities 2
It helps in emergency responses.
M
I SOCIAL NETWORK - ECONOMIC
68 Investments 1 It relates to rebuilding thecommunity. H
69
Levels of
national
economic
reserves
1 It will affectmunicipal/provincial/national
government assistance in DRM.
M
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APPENDIX IX
The Division of Sub-Sub Catchment in Lower
Bengawan Solo River Basin (adopted from CDMP,
2001)
No. Sub-Sub CatchmentCodes
Names of Sub-Sub
Catchment
Width of Sub-Sub
Catchment (ha)
1 LC-1 DAS LC-1 12,200
2 LC-2a DAS LC-2 90,533
3 LC-2b DAS E. Jegong 1,570
4 LC-2c DAS E. Gembyungan 2,957
5 LC-2e DAS Belung 1,920
6 LC-2d DAS Blungun 1,920
7 LC-3a DAS LC-3a 25,160
8 LC-3b DAS Pengkok 4,530
9 LC-3c DAS Ngawenan 910
10 LC-4a DAS LC-4 48,790
11 LC-4b DAS Nglambangan 5,000
12 LC-4c DAS Belah 4,000
13 LC-4d DAS Mundu 1,510
14 LC-5a DAS LC-5 84,516
15 LC-5b DAS Tawun 3,600
16 LC-5c DAS E. Leran 76
17 LC-5d DAS E. Mulyorejo 308
18 LC-6 DAS LC-6 19,600
19 LC-7 DAS LC-7 30,100
20 LC-8b DAS Sisa 400
21 LC-8a DAS Pacal 8,400
22 LC-9a DAS LC-9 86,180
23 LC-9b DAS Kd. Tete 1,920
24 LC-9c DAS Gonseng 5,900
25 LC-10 DAS LC-10 13,700
26 LC-11 DAS LC-11 40,400
27 JSC-1 DAS JSC-1 2,290
28 JSC-1 DAS Gondang 6,810
29 JSC-2b DAS JSC-2b 109,100
30 JSC-2a DAS Prijetan 2,300
31 JSC-2c DAS Cawak 6,200
32 JSC-2d DAS Kerjo 4,500
kotÉ:             = ThÉ suitablÉ catchmÉnt arÉa of CÉntini sillagÉ
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APPENDIX X
SEMI-STRUCTURED INTERVIEW RESULTS
Interviews were conducted in the Indonesian Bahasa language which was
translated by the researcher into English. The content of the square brackets
is provided by the researcher to facilitate understanding; the content of the
round brackets is explanatory information on the name of information and the
date of interview. The bold fonts indicate key information from informants’
comments.
NO KEY INFORMANTS’ COMMENTS
1 [Water] from Laren Regency intake to the Jabung Swamp Area then flowing to
Plang Wot Station (Irrigation Agency, 11/08/2010).
daerah laren itu masuknya ke rawa jabung terus ke plang wot (Irrigation Agency,
11/08/2010)
2 The water is collected from the Jabung Swamp Area (Irrigation Agency,
11/08/2010).
pengambilan air dari rawa jabung itu (Irrigation Agency, 11/08/2010)
3 If water in the Jabung Swamp Area is not utilised, the water will flow through
the floodway [to Brondong estuary in Java Sea, northern part of Lamongan
Municipality] (Irrigation Agency, 11/08/2010).
Kalo air yang di rawa jabung ga dipakai pertanian maka di buang ke flood way
tersebut (Irrigation Agency, 11/08/2010).
4 The water from local rainfall in LC-10 flows to the local water catchments
[bengawan jero which in this case is Jabung Swamp Area], then it will flow back
to the main river [Bengawan Solo River] in Gresik [a neighbouring municipality
toward the sea] (Irrigation Agency, 11/08/2010).
yang lokalannya dimasukkan ke bengawan jero yang nantinya dimasukkan di
bengawan solo yang di gresik (Irrigation Agency, 11/08/2010).
5 For annual floods, not all the village is affected, only the lower part of the village,
particularly the western part. Centini Village has a medium topography. The lower
part of Centini is near the Junior High School (SMP2) and mosque …. [In addition,
the land uses in] the lower part is paddy fields. The fields are inundated when
there is a [annual] flood. But, the water level will flow back [to Jabung Swamp
Area] before it reaches the higher land (Head of Village, 07/08/2010).
Tahunan banjir ga semua desaa yang kena. Yg rendah aja terutama di laren barat.
centini agak sedang untuk  daerah laren. Centiini yg rendah itu daerah SMPN dan
masjid… Kalo rendahnya, ya cuma sawah aja. Tanah yang rendah itu adalah
sawah. Kadang banjir dah menggenang  daerah tengah trus surut sebelum ke
daerah yang lebih tinggi (Head of Village, 07/08/2010).
6 For annual floods (usually), the water comes up to the village borders, which
[affects] the houses near the swamp [Jabung Swamp Area]. It could be a 50 cm
flood height. An exception is in situations when there is embankment collapse [the
height can be higher than 50 cm]. The western part of the village, near paddy
fields, are the most frequently inundated areas from annual floods (Informal
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Leader, 05/08/2010).
kalo tahunan itu hanya sampai diperbatasan desa, yaitu rumah yang dekat dengan
rawa. Ya bisa sampe 50 centimeteran. Kecuali kalau ada tangkis yang jebol. Yang
dipinggir sawah sebelah barat itu yang rumahnya paling sering kena tiap tahun
(Informal Leader, 05/08/2010).
7 The frequently inundated areas are the areas where the Jabung Swamp is
located [the land uses in swamp area are paddy and aquaculture fields] (Informal
Leader, 05/08/2010).
lokasi yang sering kena tahunan itu yang menjadi lokasi waduk jabung (Informal
Leader, 05/08/2010).
8 One of the most damaging floods for Maduran (another village in Laren Regency)
was in 1995 and Centini Village experienced it in a similar way [.] and [also] in
1968 (ELSAP 29/07/2010).
yang parah lagi terjadi tahun 1995 di maduran lebih dari satu bulan dan desa
centini ga jauh beda dan tahun 1968 (ELSAP 29/07/2010).
9 Floods in 2007 and 2008 were the highest ones. There were around 1.75-2 metre
inundation heights near my place. For the lower place, it could be around three
metres high (Informal Leader, 05/08/2010).
yang 2007, 2008 itu yang paling tinggi, disekitaranya rumah saya ada sekitar 1,75-
2 meter. Tapi daeah yang dangkal itu sekitar 3 meteran (Informal Leader,
05/08/2010).
10 A flood period for December 2007 (2008 flood) is 135-year probable flood
discharge while the embankment is made based on the Q-10 [10-year probable
flood] (Solo River Board, 29/07/2010).
periode banjir untuk 135 tahun (Q 135) untuk desember 2007 padahal
embankmentnya dibuat untuk Q 10 (Solo River Board, 29/07/2010).
11 The flood in 2007 was not the biggest one but caused the most significant damage
because the embankment collapsed in Laren Regency. The flood in 2008
occurred at a larger scale than previous ones but with fewer impacts [to Centini
Village]. It was caused by the embankment collapsing in Widang [the neighbouring
village] (ELSAP, 29/07/2010).
tahun 2007 bukan terbesar tapi dampak nya besar karena yang jebol di larennya.
Yang 2008 itu besar dan luas dampaknya tapi dampaknya kurang besar karena
yang jebol di widang (ELSAP, 29/07/2010).
12 ... the (Bengawan Solo River) embankment has been built for Q-10 [10-years
flood cycle] (Solo River Board, 29/07/2010).
...embankmentnya dibuat untuk Q 10 (Solo River Board, 29/07/2010).
13 135-year flood (Q-35) is the flood in December 2007; in fact, the embankment is
designed for Q-10 (Solo River Board, 29/07/2010).
… periode banjir untuk 135 tahun (Q 135) untuk desember 2007 padahal
embankmentnya dibuat untuk Q 10 (Solo River Board, 29/07/2010).
14 It [flood] could be 50 cm height. That is excluding the situation when the
embankment is collapsing (Informal Leader, 05/08/2010).
Ya bisa sampe 50 centimeteran. Kecuali kalau ada tangkis yang jebol (Informal
Leader, 05/08/2010).
15 The flood in 2007 was not the biggest one but caused the most significant damage
because the embankment collapsed in Laren Regency. The flood in 2008
occurred at a larger scale than previous ones but with fewer impacts [to Centini
Village]. It was caused by the embankment collapsing in Widang [the neighbouring
village] (ELSAP, 29/07/2010).
tahun 2007 bukan terbesar tapi dampak nya besar karena yang jebol di larennya.
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Yang 2008 itu besar dan luas dampaknya tapi dampaknya kurang besar karena
yang jebol di widang (ELSAP, 29/07/2010).
16 In 2008, all of the villagers were affected and an evacuation process was
organised. But some of the villagers from about 15 households still chose to stay..
They went up [the house] (Tagana, 29/07/2010).
tahun 2008, semua warga terdampak dan diupayakan dievakuasi tapi masih ada
warga yang memilih tinggal 15 kk. KK tersebut naik ke atas (Tagana, 29/07/2010).
17 For the yearly flood, they stay in the house. The flood persists for about three
months or even half a year. This happens because the water level in Bengawan
River remains high so that the flood persists (Tagana, 29/07/2010).
kalo tahunan, mereka di rumah saja. Surut nya 3 bulanan atau malah stengah
tahun. Karena, jika ketinggian bengawan tetap tinggi, ya, banjir tetap terjadi
(Tagana, 29/07/2010).
18 40% of the villagers stayed and 60% of them were evacuated to the
embankment. For the low-lying areas and [the houses were] fully inundated, the
villagers moved [to the embankment]. Villagers in houses with foundations on
higher ground chose to stay in the house while they were making an antru
(Head of Village, 07/08/2010).
40 % tetap tinggal di rumah dan yg 60% piindah ke tangkis. Untuk wilayah yg
dataran rendah dan tenggalam, maka pindah aja. Yg punya pondasi tinggi,
mereka memilih dirumah sambil membuat antru (Head of Village, 07/08/2010).
19 [Three alternatives of villagers’ adaptations were] evacuated, [only] a few villagers
moved to another village [mainly those who have relatives], some went to the
embankment and some remained in their houses. Most of the boat owners chose
to stay (Informal Leader, 05/08/2010).
yang dievakuasi, sedikit ke keluar desa, trus ke tangkis dan sebagian bertahan
dirumah masing2. biasanya yang punya sampan, banyak yang lebih memilih
bertahan (Informal Leader, 05/08/2010).
20 If the inundation height reaches around one to 1.5 metres, [the villagers] usually
remain [in their houses] (Informal Leader, 05/08/2010).
kalo kerendamnya cuman 1-1.5 meter, biasanya bertahan (Informal Leader,
05/08/2010).
21 Death cases [in flood situation] due to sickness before flooding and age factor
(Social Agency, 29/07/2010).
meninggal karena sakit sebelum banjir dan faktor usia (Social Agency,
29/07/2010).
22 In 2007, [the flood] caused a landslide resulting in deaths. And, [some causes of
death were] people too old or too young [age factor] to escape (ELSAP,
29/07/2010).
2007 ada yang meninggal karena longsor dan faktor usia terlalu tua dan terlalu
muda (ELSAP, 29/07/2010).
23 The sickness is only skin irritation due to the clean water problem (Social
Agency, 29/07/2010).
sakitnya hanya gatal2 dsb karena masalah air (Social Agency, 29/07/2010).
24 Many [villagers] are sick due to lack of clean water and environmental
conditions. [The sickness were] diarrhoea, cold and flu, sneezing and diarrhoea.
Villagers who were sick are children or people who were already sick before [the
flood] (Tagana, 29/07/2010).
yang sakit banyak karena berhubungan dengan air bersih dan lingkungan. Diare,
pilek, batuk dan mencret. Yang sakitnya adalah anak2. atau orang yang sudah
sakit sebelumnya (Tagana, 29/07/2010).
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25 After one day and one night, some villagers were sick. Only minor health problems
such as flu and skin irritation. Some of the sick villagers were taken to the health
centre, maybe, around 2 out of 20 people, the elderly people (Tagana,
05/08/2010).
ada yang sakit setelah 1 hari dan 1 malam. Penyakitnya minor saja; flu, gatal, dan
ada juga yang dibawa ke puskesmas: 2 orang dari 20 orang. Yang usianya sudah
tua (Tagana, 05/08/2010).
26 Many villagers were sick, around 7 out of 150 people. They were sick and sent to
the health centre due to lack of clean water and bad weather. They [people who
got sick] are not dependent on the age factor (ELSAP, 29/07/2010).
Yang sakit banyak, misalnya dari sekitar 150 orang ada 7 yang sakit. Sakit dan
dikirim ke rumah sakit karena air kotor dan cuaca. Ga pandang bulu dari sisi usia
(ELSAP, 29/07/2010).
27 Impacted people who went to the health centre started from the middle time of
the event up to flood decrease. After the flood decreased, the number of minor
sicknesses were getting larger (ELSAP, 29/07/2010).
yang ke rumah sakit dimulai dari pertengahan sampai surutnya banjir. Setelah
surut malah lebih banyak (ELSAP, 29/07/2010).
28 Sick people usually is a result of getting old (Informal Leader 05/08/2010).
sakit yang biasanya karena usia yang sudah tua (Informal Leader 05/08/2010).
29 Skin irritation became a common sickness. No one is hospitalised, only have some
medicine [then came back to their houses]. Around 1-2 people got sick in every
family because bad water and bad weather (Informal Leader 05/08/2010).
yang gatal2, kerangen itu rata2 kena. Tidak ada yang dirumahsakitkan hanya
diobati aja. Dalam 1 keluarga 1-2 orang kena. Gara2 air dan udara yang tidak
mendukung (Informal Leader 05/08/2010).
30 Victims who got skin irritation are everywhere, both people in evacuation area
or people who stay in their houses (Informal Leader 05/08/2010).
orang yang sakit gatal2 itu menyeluruh artinya baik yang ditangkis atau yang ada
dirumah (Informal Leader 05/08/2010).
31 Sickness around skin irritation, stomach ache. No one has major sickness and
no one needs to be hospitalised [in the health centre] (ELSAP, 29/07/2010).
penyakitnya: gatal2, perut. Dan tidak ada yang sakit keras dan tidak ada yang
diopname (ELSAP, 29/07/2010).
32 Victims with skin irritations went to the health centre and then came back again [in
the same day]. Average sickness is only minor sickness. The major sickness
usually is hospitalised (Informal Leader 05/08/2010).
yang gatal2 berobat dan pulang lagi. Rata2 penyakitnya ringan saja. Yang sakit
parah, ada yang opname (Informal Leader 05/08/2010).
33 [The victims with major sickness] who were hospitalised or sent to their relatives
[due to sickness] usually are the ones who were already sick [before the flood]
(Informal Leader 05/08/2010)
yang biasanya diinapkan ke keluarga atau ke rumah sakit karena memang sudah
sakit sebelumnya (Informal Leader 05/08/2010).
34 The influencing factors for moving the victims from evacuation shelters to the
health centre are age, relatives [in the same village], evacuation means and
location of evacuation shelters (ELSAP, 29/07/2010).
faktor yang mempengaruhi kinerja dari tempat evakuasi ke rumah sakit adalah
usia korban (manula), keluarga, alat2 evakuasi, tempat evakuasi yang berpencar
(ELSAP, 29/07/2010).
35 [Villagers] went to the health centre starting from the middle of flood time until after
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the flood. After there was no inundation, [the sick villagers] were getting more in
number [went to the health centre] (ELSAP, 29/07/2010).
yang ke rumah sakit dimulai dari pertengahan sampai surutnya banjir. Setelah
surut malah lebih banyak (ELSAP, 29/07/2010).
36 The influencing factors for moving the victims from evacuation shelters to the
health centre are age, relatives [in the same village], evacuation means and
location of evacuation shelters (ELSAP, 29/07/2010).
faktor yang mempengaruhi kinerja dari tempat evakuasi ke rumah sakit adalah
usia korban (manula), keluarga, alat2 evakuasi, tempat evakuasi yang berpencar
(ELSAP, 29/07/2010).
37 After there was no inundation, they usually return back to fix and clean [their
houses] (Informal Leader 05/08/2010).
setelah banjir surut, biasanya mereka kembali untuk memperbaiki dan
membersihkan (Informal Leader 05/08/2010).
38 [Water level information is passed from] municipal government to regency level
then to the village authorities including head of village, head of sub village and
head of sub-sub village (Head of Village, 07/08/2010).
pemerintah daerah langsug ke kecamatan terus ke kades trus ke RT/RW dan
perangkatnya (Head of Village, 07/08/2010).
39 Tagana and Implementing Unit for Disaster Risk Management did not become
involved before the event, only after the event (Tagana, 05/08/2010).
tagana maupun satlak tidak menolong dari awal, hanya saat paska banjir (Tagana,
05/08/2010).
40 After the water level [in the main river] is high, [the local] government makes
some actions (Informal Leader, 05/08/2010).
setelah air tinggi baru ada kegiatan yang dilakukan oleh pemerintah (Informal
Leader, 05/08/2010).
41 The fast spreading of [water level] information became a factor of community
readiness. It can be seen as a result of social interaction. They [community]
collaborate [with the local authorities and local informal leaders] to the river bank
to check the water level. [Some] consultations were also made to gather some
information on water levels in Karang Nongko, in Bojonegoro via sms [short
messaging services]. The consultations were done by local informal leaders to
clarify the validity of information in the community (Informal Leader, 05/08/2010).
informasi cepat menyebar itu menjadi faktor penguat kesiapsiagaan masyarakat.
Itu bisa juga karena masyarakat yang sering ketemu. Sama2 ke bibir sungai dan
mengecek. Konsultasi juga dengan pihak BBS untuk ketinggian di karang nongko,
di bojonegoro dsb lewat SMS. Yang melakukan hal tersebut adalah tokoh
masyarakat saja, untuk mengklarifikasi kevalidan informasi yang beredar di
masyarakat (Informal Leader, 05/08/2010).
42 The trust and obedience [of villagers] to the leaders due to value of respect
rather than the interaction process and etc (ELSAP, 29/07/2010).
kepatuhan kepada pemimpin karena rasa hormat bukan karena interaksi dan
sebagainya (ELSAP, 29/07/2010).
43 Village authorities and local informal leaders understand about the knowledge
[about the coming flood and its characteristics] (ELSAP, 29/07/2010).
pengetahuan itu ada di pemerintah desa nya dan tokoh masyarakat non
pemerintah desa (ELSAP, 29/07/2010).
44 [The factors which influence community readiness] is their attitude [to protect
themselves]. So, it is more a survival instinct (Informal Leader, 05/08/2010).
yang mempengaruhi siap siaga masyarakat itu adalah kesadaran terhadap dirinya
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sendiri. Jadi lebih ke survival-nya (Informal Leader, 05/08/2010).
45 Some of the villagers went to the source of the flood [Upper Bengawan Solo
River and the locations of embankment collapse] (Informal Leader, 05/08/2010)
Dan juga sebagian warga yang pergi ke tempat asal banjir (daerah hulu) (Informal
Leader, 05/08/2010).
46 [Factors] which determine community involvement are degree of community
collectiveness, getting used to being involved in community events,
perceptions on rewards and punishment [from religious perspective] and
trust for the formal and informal leader (Head of Village, 07/08/2010).
yang menentukan warga aktif adalah: rasa kebersamaan, terbiasa dengan
kegiatan yang dilakukan oleh bersama2, ada persepsi pahala dan dosa (faktor
agama), ada pengaruh dari kepercayaan kepada pemimpin pemerintah atau
informal (Head of Village, 07/08/2010).
47 Communicate with each other [to increase the involvement of community] (Head
of Village, 07/08/2010).
Komunikasi satu sama lain saling ngobrol (Head of Village, 07/08/2010).
48 Leaderships are influenced by the ability of leaders to control their words and
actions and more on the cultural factor (Informal Leader, 05/08/2010).
Ketokohan itu dipengaruhi oleh ucapan dan tindakan itu dijaga. Dan faktor budaya
juga (Informal Leader, 05/08/2010).
49 The trust and obedience [of villagers] for the leader due to respect not because
of the interaction process and etc (ELSAP, 29/07/2010).
kepatuhan kepada pemimpin karena rasa hormat bukan karena interaksi dsb
(ELSAP, 29/07/2010).
50 Before the flood, government only holds some meetings to monitor the
situation. There is no assistance or community education [on the flood issues]
(Head of Village, 07/08/2010).
pada sebelum banjir, hanya mulai melakukan pertemuan2 untuk membahas kira2
apa yang dilakukan. Tidak ada penyuluhan2 atau pendidikan ke masyarakat
(Head of Village, 07/08/2010).
51 Since they [community and the leaders] experienced many flood events, they
understand about the timing of flood or no flood (ELSAP, 29/07/2010).
karena mereka sudah berpengalaman, maka mereka mengerti kapan surut dan
banjir (ELSAP, 29/07/2010).
52 Implementing unit has a procedure of actions before, in the mean time and after
flood (Chief of Disaster Board, 12/08/2010).
Satlak ada protap nya.. sebelum terjadi bencana, ada pra, saat banjir dan paska
banjir (Chief of Disaster Board, 12/08/2010).
53 [The activities before floods are] coordination among government sectoral
agencies, site monitoring/embankment checking. [The checking process was
done] together or just individually. Usually, after the meeting, [we] go to the site
(Chief of Disaster Board, 12/08/2010).
Koordinasi lintas sektor, antisipasi turun kebawah pengecekan / melihat tanggul.
Kadang bareng, kadang tidak. Biasanya abis rapat langsung menuju lokasi (Chief
of Disaster Board, 12/08/2010).
54 Coordination is influenced by certain conditions such as rainy season and etc
(Chief of Disaster Board, 12/08/2010).
Koordinasi itu dipengaruhi oleh kondisi misalnya ada musim hujan dsb (Chief of
Disaster Board, 12/08/2010).
55 Strong leadership influences the coordination process because most of the
meeting is led by the vice mayor. When the vice mayor gives some instructions,
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[the agencies] have to follow it (Chief of Disaster Board, 12/08/2010).
Kepemimpinan memperngaruhi banget proses koordinasi karena rapat langsung
di pimpin ma wabup dan wabup menyatakan ini dan itu harus diikuti (Chief of
Disaster Board, 12/08/2010).
56 Every related agency must participate and have to be able to [do their jobs] (Chief
of Disaster Board, 12/08/2010).
Masing-masing pihak terkait harus langsung turun, harus bisa (Chief of Disaster
Board, 12/08/2010).
57 Community readiness is also influenced by the frequency of floods (Informal
Leader, 05/08/2010).
Kesiapan masyarakat juga disebabkan oleh seringnya banjir dihadapi (Informal
Leader, 05/08/2010).
58 Villagers are motivated by the involvement of Tagana (and other NGOs) which
is identified as external (Tagana, 05/08/2010).
Masyarakat juga termotivasi dengan adanya keterlibatan LSM/tagana yang
diidentifikasi sebagai pihak eksternal (Tagana, 05/08/2010).
59 Before 2008, there was no training. In 2009, some volunteers are formed [and]
simulations are run. This is not [held by] Tagana but other community organisation
(Muhammadiyah [one of the religious groups]). The training process helps the
community to increase their knowledge on ways of [better] flood responses
(Informal Leader, 05/08/2010).
Sebelum tahun 2008 belum ada penyuluhan atau trainanngan. Kemarin 2009 ada
relawan bencana, ada simulasi juga, ini bukan tagana tapi dari organisasi massa
(muhammadiyah). Proses penyuluhan ini menambah membantu dan pengetahuan
ttg cara2 menanggulangi  bencana (Informal Leader, 05/08/2010).
60 The involvement of Tagana or other NGOs is influenced by the social spirit
[humanitarian spirit] (Tagana, 05/08/2010).
keterlibatan tagana atau LSM lainya dipengaruhi oleh jiwa social (Tagana,
05/08/2010).
61 NGOs’ involvement is caused by the sense of humanity. But the involvement is
only after flooding. Nowadays, there is some disaster training. The broadcast
media also increases the involvement of external parties [including NGOs]
(Informal Leader, 05/08/2010).
keterlibatan LSM itu disebabkan oleh rasa kemanusiaan tapi teribat hanya pada
paska banjir. Dan baru ini aja ada traningan. Media juga membantu keterlibatan
pihak eksternal (Informal Leader,05/08/2010).
62 The involvement of NGOs or other external parties are not on a regular basis. The
villagers [local activists] view NGOs as part of social networks to the external
parties (ELSAP, 29/07/2010).
keterlibatan NGOs atau pihak ketiga terutama pada kejadian2 yang sifatnya tidak
reguler. Ngos dsb diliat masyarakat dari koneksinya yang bisa menghubungkan
dengan pihak lainnya (ELSAP, 29/07/2010).
63 [There were two types in getting the aid from external parties. First, [I actively]
looked for disaster aid from other parties outside of the village such as rice,
noodles and etc. [Second,] some of the parties directly gave the aid through me.
The effective way is the first one compared to the latter one (Head of Village,
07/08/2010).
Mencari bantuan ke luar berupa beras, mie atau dsb. Ada juga yang bantuan
tersebut datang ke pak kades. Yang lebih cepat adalah yang mencari bantuan ke
luar (Head of Village, 07/08/2010).
64 Most of the aid [from government] are foods (Head of Village, 07/08/2010).
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bantuan yang banyak berupa makanan saja (Head of Village, 07/08/2010).
65 The implementing unit organises the municipal government’s aid (Tagana,
05/08/2010).
satlak itu juga mengelola bantuan yang dicarikan oleh pemkab (Tagana,
05/08/2010).
66 [Tagana] relies on the Implement Unit of Disaster Management to get the aid.
Tagana [one of the volunteer groups] also actively encourages donors which will
be delivered straight away to the head of village (Tagana, 05/08/2010.)
bantuan itu pasrah ke satlak. Tagana juga menjemput bola ke donatur2 yang
langsung di kasihkan ke kepala desa (Tagana, 05/08/2010).
67 Every person per day will have 0.4 grams of rice as it is a government regulation
for disaster aid. Other foods such as meats and veggies are given depending on
the stock. [The government also] makes public kitchens (Social Agency,
20/07/2010).
aturannya bantuan pemerintah untuk beras 0.40 gr per hari per org. Lauk pauk
sesuai dgn yang ada di bagi. Membuat dapur umum juga (Social Agency,
20/07/2010).
68 Aid delivery process is dependent on the volunteers, [accessibility] from [centre
of] municipality to [the centre] of regency, then to [centre of] village and then to the
villagers. In addition, there [in relation to aid delivery process] should be a relation
with emergency facilities such as boats etc… (Chief of Disaster Board,
12/08/2010).
proses bantuan itu tergantung pada relawan, dari kabupaten ke kecamatan ke
desa ke masyaakat. Selain relawan, ada kaitannya dengan emergency facility
seperti sampan dsb…(Chief of Disaster Board, 12/08/2010).
69 From private companies [one of the external parties], they provide emergency
facilities such as tents, sheeting and etc (Head of Village, 07/08/2010).
dari perusahaan2 bantuan seperti alat2 emergency; timba, terpal dsb (Head of
Village, 07/08/2010).
70 We [the municipal disaster unit] provided emergency facilities such as rubber
boats, tents, some machines, gedhek [the floating woods] etc (Chief of Disaster
Board, 12/08/2010).
kita menyiapkan peralatan2 emergency. Perahu karet, tenda, mesin2, gedhek, dsb
(Chief of Disaster Board, 12/08/2010).
71 In 2008 or 2009, many [victims stayed] in embankment, so we [the municipal
disaster unit] try to supply their daily needs such as clean water, cooked foods,
rice, clothes, blankets, gasoline etc (Chief of Disaster Board, 12/08/2010).
2008 ato 2009 itu banyak yang ditanggul, maka kita berusaha menyupplai
kebutuhan mereka. Supplai nya beragam, air bersih, makanan siap saji, beras,
pakaian, selimut dsb, bahan bakar (minyak tanah) (Chief of Disaster Board,
12/08/2010).
72 Funding sources came from disaster aid and mixed sources (government and
non-government) (Chief of Disaster Board, 12/08/2010).
sumber dananya dari bantuan tersebut campur (pemerintah dan non pemerintah)
(Chief of Disaster Board, 12/08/2010).
73 Government aid is highly reliant on the stocks at the upper government levels
(provincial or national governments). If there were many disaster events, the
stocks will be diminished quickly and the next aid will have to wait for the next
year’s budgeting system (Social Agency, 29/07/2010).
bantuan dari pemerintah, sangat tergantung pada stock yang ada di level
pemerintahan yang berada di atasnya. Kalo kejadiannya banyak, maka stock
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cepet habis dan dropping berikutnya menunggu tahun anggaran baru (Social
Agency, 29/07/2010).
74 Tagana and Implementing Unit for DRM did not support from the beginning but
after the flood. (Tagana, 05/08/2010).
tagana maupun satlak tidak menolong dari awal, hanya saat paska banjir (Tagana,
05/08/2010).
75 Instruction/leadership [in emergency situation] has important role in aid
distribution (Head of Village, 07/08/2010)
Instruksi/kepemimpinan sangat berperan dalam pendistribusian bantuan (Head of
Village, 07/08/2010).
76 After the water [in the main river] is high, some activities are started to be done by
[municipal] government (Informal Leader, 05/08/2010).
Setelah air tinggi baru ada kegiatan yang dilakukan oleh pemerintah (Informal
Leader, 05/08/2010).
77 Aid from government is dependent on the stocks in higher level of government.
If there are many disaster events [in a year], the stock will diminish fast and [we]
have to wait for the next year’s budgeting for the aid (Social Agency,
29/07/2010).
bantuan dari pemerintah, sangat tergantung pada stock yang ada di level
pemerintahan yang berada di atasnya. Kalo kejadiannya banyak, maka stock
cepet habis dan dropping berikutnya menunggu tahun anggaran baru (Social
Agency, 29/07/2010).
78 The residential areas are growing with small additions. The new houses are
around the agriculture areas in the valley of Bengawan Solo River. Some of the
villagers take the yards around their houses [for building the new house] (Head
of Village, 07/08/2010).
Daerah permukiman nambah tapi dikit2 saja. Ketambahan dari daerah tegalan di
sekitaran Lembah bengawan solo. Sebagian juga ngambil dari pekarangan (Head
of Village, 07/08/2010).
79 Since they are indigenous people, their parents have their own land [sometimes,
the land is big which can be divided for the new houses] (Planning Board,
10/08/2010).
karena dia orang asli maka orang tuanya memiliki tanah dalam luasan tertentu
(Planning Board, 10/08/2010).
80 Residential areas, for sure, will not increase. To build a house in paddy field
requires a lot of additional cost (for example a land fill cost). So, the cost will be too
expensive (Planning Board, 10/08/2010).
permukiman pasti ga nambah karena diluar itu adalah sawah yang memiliki biaya
yg cukup mahal (misalnya untuk urugan) kalo mo dijadikan rumah (Planning
Board, 10/08/2010).
81 Many [of the villagers] keep staying in their parent’s house. Sometimes, the
parent’s land division is started when their parents pass away. But, some other
villagers do not want to divide [the land]. [The new houses] can be more than five
year; [it] could be around 10 years [after the marriage]. They have get together
philosophy as a farmer (Planning Board, 10/08/2010).
banyak juga yang tetep tinggal satu rumah dengan orang tuanya. Kadang ada
juga yang meninggal ortunya baru dipecah, ada juga yang tidak mecah. Bisa lebih
dari 5 tahun jadi sekitar 10 tahunan. Mereka memiiki filosofi berkumpul
selayakanya petani (Planning Board, 10/08/2010).
82 No demolition of the [villagers] houses. When [the villagers] move out from the
village, their houses are sold... The one [with the poor construction] is sold and
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then [the new owners] usually build a new house [to replace the old one]
(Informal Leader, 27/07/2010)
Tidak ada rumah yang dirubuhkan. Biasanya kalo pindah rumahnya dijual ... yang
itu dijual dan biasanya dibangun rumah yang baru (Informal Leader, 27/07/2010).
83 [There are] no collapsed houses, only damage caused by inundation [for annual
flood] (Tagana, 29/07/2010).
Rumah hancur ga ada, hanya rusak gara2 terrendam (Tagana, 29/07/2010).
84 Most of the houses cannot be used. Most of them are damaged [in 2008 flood]
(Tagana, 29/07/2010).
hampir semua rumah ga bisa terpakai. Hampir semua terkena rusak (Tagana,
29/07/2010).
85 Major damaged means dislodged roof, dislodged and cracking walls (ELSAP,
29/07/2010).
rusak berat dalam arti rumah atap nya dan dinding retak copot dsb (ELSAP,
29/07/2010).
86 A minor damage means peeling paints and dirty, broken window etc (ELSAP,
29/07/2010).
Rusak ringan itu cet nglupas, kotor, kaca dsb (ELSAP, 29/07/2010).
87 Many houses are inundated but not one has collapsed (Planning Board,
10/08/2010).
banyak rumah yang tergenang saja tapi tidak ada yang rubuh (Planning Board,
10/08/2010).
88 Minor damaged houses have damaged doors particularly in the bottom part,
peeling floor, peeling cement wall (Planning Board, 10/08/2010).
rusak ringan: pintu rusak terutama bagian bawahnya, lantainya terkelupas, tembok
semennya terkelupas (Planning Board, 10/08/2010).
89 Many houses were inundated but not collapsed ... Only 1-2 were major damaged
due to a wooden constructed type [non permanent house construction type]
(Planning Board, 10/08/2010).
banyak rumah yang tergenang saja tapi tidak ada yang rubuh ... Cuman 1-2 saja
yang rusak berat karena dari sesek(Planning Board, 10/08/2010).
90 All the houses are inundated ... and Centini is located in the low elevation areas
[makes high probability of inundation even for only low inundated height] (Tagana,
29/07/2010).
semua rumah tergenang.. dan centini berada di daerah yang rendah (Tagana,
29/07/2010).
91 The repair [cost] is at least Rp. 1 Millions [normally per year] … yes [the cost] is
[spent by] villagers [house owners]… [The government only give the aid of
repair costs for] a specific houses … only for about 20 houses [which are located]
near the swamp [collapsed or major damaged non-permanent houses] (Informal
Leader, 27/07/2010).
Perbaikan itu paling tidak 1 jutaan ... iya dari sendiri ...ya itu tadi yang tertentu …
sekitar 20 rumah yang dekat rawa (Informal Leader, 27/07/2010).
92 [The main occupation of villagers are] farmers, traders and a few government
officers (Head of Village, 19/07/2010).
Petani, pedagang, dan pegawai negeri nya sedikitnya (Head of Village,
19/07/2010).
93 [Within a farmers group, the composition of] the farmers in aquaculture and
paddy field are (10:90). The aquaculture products are milk, fish and bream fish
(Head of Village, 19/07/2010).
petani tambak dan petani padi (10: 90). Tambaknya : ikan bandeng dan mujair
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(Head of Village, 19/07/2010).
94 [Within the aquaculture farmers] they are owners and operators (Head of Village,
19/07/2010).
petani tambak dibagi dua; pemilik dan penyewa (Head of Village, 19/07/2010).
95 [Within a farmer group, there are] owners and operators. The operator works
only in planting and harvesting the paddy … others are operators in the market
or casual workers (Informal Leader, 27/07/2010).
pemilik dan buruh, buruh cuman kerja pas tandur dan panen... di antara itu buruh
itu berdagang di pasar atau kerja sambilan lainnya (Informal Leader, 27/07/2010).
96 The paddy field operators automatically have no land, but a few of them have
land. The operators who have land usually own [less than] 1000 m2 [which is] not
enough [to support their daily expenditure] (Water Village Company, 12/08/2010).
Buruh praktis ga punya tanah tapi ada juga yang punya. Yang punya 100 bumi
pasti ga cukup (Water Village Company, 12/08/2010).
97 [Villagers] who have traders as their occupant are around 20% of the total
villagers. All the traders have their own stores either in the market or in their
houses. In the market, there are 30 stores and 70 stalls. Most of them do not
employ any operators. So, the shops are owned and operated by themselves.
Only one store employs the operators for about 2 persons (Informal Leader,
05/08/2010).
yang berdagang 20% dari jumlah orang desa. Semuanya punya sendiri, bisa di
pasar bisa juga warung di rumah. Di pasar ada 30 an toko yang ada bangunannya
(menempati stand). Ada sekitar 70 an yang punya lapak. Sebagian besar tidak
memiliki karyawan. Jadi dimiliki dan dikelola oleh pemilik toko sendiri. Cuman 1
toko yang mempekerjakan karyawan sebanyak 2 orang (Informal Leader,
05/08/2010).
98 For the aquaculture, they plant aquaculture in [annual] flood time. They build small
fences to protect the areas from flooding [it seems that they plant the aquaculture
in the sea]. Sometimes, a farmer can have both paddy and aquaculture
plantations [in the same land but in different seasons]. Probably around 10 out of
all the farmers [have such planting system] (Centini Head of Village 2).
kalo untuk tambak, pada saat banjir itu biasanya pada saat musim tambak.
Biasanya pake wareng (sekitar kerambah). Kadang2 1 petani juga punya tambak
ikan dan padi, mungkin sekitar 10 orang dari petani padi semuanya (Centini Head
of Village 2).
99 In the dry season, some farmers of aquaculture also plant paddy (Centini Head
of Village, 07/08/2010).
kalo pas musim kemarau, petani tambak biasanya juga menanam padi (Centini
Head of Village, 07/08/2010).
100 No paddy farmers have aquaculture. Wrong! Only a few [of them have both paddy
and aquaculture] (Water Village Company, 12/08/2010).
Tidak ada petani padi yg nambak. Salah! Ada cuman sedikit saja (Water Village
Company, 12/08/2010).
101 Originally the land is paddy fields. Since the fields are inundated, the field is
converted to aquaculture [for temporary purpose]. This tradition is only applied to
around 10% of the total paddy fields. The reasons are: the land is inundated and
the farmers wishing for the better income from aquaculture (Informal Leader,
05/08/2010).
yang tadinya sawah karena kebetulan ada air maka difungsikan jadi tambak. Itu
sekitar 10% dari total luas sawah aja. Itu karena kondisi lahan yng berair terus, yg
tergiur hasil tambak (ikan bandeng dan mujair) (Informal Leader, 05/08/2010).
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102 The aquaculture is usually for about five to six months. [It] can be four months
with extra treatment and bigger fish fry (Head of Village, 07/08/2010)
tambak itu sekitar 5-6 bulan, bisa juga 4 bulan dengan perawatan ekstra dan bibit
yang sudah besar (Head of Village, 07/08/2010).
103 In the dry season, some aquaculture farmers also plant paddy (Centini Head of
Village, 07/08/2010).
kalo pas musim kemarau, petani tambak biasanya juga menanam padi (Centini
Head of Village, 07/08/2010).
104 Originally the land is paddy fields. Since the fields are inundated, the field is
converted to aquaculture [for temporary purpose]. This tradition is only applied to
around 10% of the total paddy fields. The reasons are: the land is inundated and
the farmers wishing for the better income from aquaculture (Informal Leader,
05/08/2010).
yang tadinya sawah karena kebetulan ada air maka difungsikan jadi tambak. Itu
sekitar 10% dari total luas sawah aja. Itu karena kondisi lahan yng berair terus, yg
tergiur hasil tambak (ikan bandeng dan mujair) (Informal Leader, 05/08/2010).
105 One store has turnover of about Rp. 500.000 per day. If [the store] is busy, [it can
earn] up to Rp. 2 millions [a day]. Current situation is in low economic activities.
The profit [percentage] of the store is around 20-30% [of their costs of
purchasing trading goods] (Informal Leader, 05/08/2010 ).
1 toko beromset 1 hari 500 ribu, kalo rame 1 hari bisa 2 juta. Sekarang kan lagi
sepi akibat ekonomi nasional. Keuntungan toko tersebut sekitar 20-30% (Informal
Leader, 05/08/2010).
106 Most of the stalls are selling food. The stalls can also earn the same profit as the
stores. But the stalls usually get the turnover of around Rp. 100.000 – 500.000 per
day (Informal Leader, 05/08/2010).
Kebanyakan yang lapak itu adalah jualan makanan. Lapak juga bisa menghasilkan
keuntungan yang sama dengan yang ditoko. Tapi lapak bisa dari 100 – 500 ribu
per hari (Informal Leader, 05/08/2010).
107 When rainy [causing flood], the market moves to the embankment, so the daily
turnover can be maintained. The turnover decreases but the most important thing
is the trader can have some little profit to fulfil their daily basic need (Informal
Leader, 05/08/2010).
kalo pas ujan, pasar pindah ke tangkis jadi omset sehari2 masih bisa bertahan.
Turun omsetnya tapi yang penting bisa menyambung hidup (Informal Leader,
05/08/2010).
108 A household with two kids. Particularly, [for the households with] school age
children will have expenses around Rp. 1 million per month (Head of Village,
07/08/2010).
Rumah tangga suami istri punya dua anak. Misalanya anak sudah sekolah dalam
satu bulan masih satu jutaan (Head of Village, 07/08/2010).
109 ... cost [of paddy plantations is] around Rp. 7.5 – 8 Millions, [it] depends on the
field type and location (distance from their own houses). It includes the costs of
seeds, planting the seeds and land cultivation [operational costs]. In addition,
the costs of irrigation per hectare is Rp. 2.4 millions per one planting season
(Head of Village, 07/08/2010).
... biayanya sekitar 7,5-8 juta tergantung pada jenis dan lokasi sawahnya (jauh
dsb). Itu sudah termasuk biaya bibit, biaya tanam, mencangkulnya. Sedangkan
ongkos air nya untuk per hektarnya 2,2 juta/ kali panen (Head of Village,
07/08/2010).
110 [For irrigation from] Hippa, the cost is Rp. 220,000 per 100 m2, [farmers] will
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pay the cost after harvesting (Water Village Company, 12/08/2010).
Hippa, dipungut 220 ribu per 100 m2, dibayar setelah panen (Water Village
Company, 12/08/2010).
111 The costs of seed planting is Rp. 65,000 per 10 kilos of seeds, labour cost of
planting is Rp. 120,000, land cultivation costs is Rp. 125,000, fertiliser cost is
Rp. 120,000 per 1 quintal. In total around Rp. 800,000 (Water Village Company,
12/08/2010).
Biaya nanam: bibit 10 kg 65 tribu, air 220 ribu perpanen, ongkos tanam, 120 ribu,
biaya membajak 125 robu, pupuk 1 kw 200 an. total sekitar 800 ribu (Water Village
Company, 12/08/2010).
112 The aquaculture is usually for about five to six months. [It] can be four months with
extra treatment and bigger fish fry (Head of Village, 07/08/2010)
tambak itu sekitar 5-6 bulan, bisa juga 4 bulan dengan perawatan ekstra dan bibit
yang sudah besar (Head of Village, 07/08/2010).
113 A larger aquaculture field may cost [us] more. Per 100 m2, [the land] needs 1
quintal fertilisers. The small fish fry per hectare is around Rp. 900,000 for 3
months harvesting (Water Village Company, 12/08/2010).
Tambak lebih besar. Per 100 m2, puppuk 1kw, bibit per hektar yang kecil 900 ribu
selama 3 bulan panen (Water Village Company, 12/08/2010).
114 The stores retribution cost around Rp. 500 to Rp. 1,000 per day and the stall
retribution cost around Rp. 100 to Rp. 200 per day (Informal Leader 2).
toko (500-1000 rupiah per hari) dan lapak (200-100) perhari bayar retibusi
(Informal Leader, 05/08/2010).
115 The high increase in turnover in flood time is the stores which sell the fish net. [in
flood time, some of the villagers initiate catching fish]. Turnover of the villagers
who catch the fish is around Rp. 500,000. 5% of the turnover is used as the
capital costs [including buying the fish net]. [So], Rp. 100,000 net must be earned
[by the villagers who catch the fish in flood time] (Informal Leader 2).
omset yang melonjak pas banjir adalah yang jual jaring. Omset yang cari ikan itu
sekitar 500 ribu. 5 persen itu biaya modal untuk pencari ikan. 100 ribu minimal
pasti bersih di dapat (Informal Leader, 05/08/2010).
116 Most of the shops have no operators. They own and operate by themselves
(Informal Leader, 05/08/2010).
Sebagian besar tidak memiliki karyawan. Jadi dimiliki dan dikelola oleh pemilik
toko sendiri (Informal Leader, 05/08/2010).
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APPENDIX XI
VARIABLES IN COMMUNITY VULNERABILITY
MODEL
Variables in the Flood Sub Model
No Variables
1 Weekly Average Rainfall in LC-10
2 Weekly Water Discharge Back to Jabung Swamp
3 Weekly Water Discharge Downstream from Jabung Swamp
4 Weekly Water Flood to Jabung Swamp
5 Weekly Water Discharge to the Plains from the River
6 Weekly Water Discharge Downstream
7 Predicted Flood Volume Caused by Collapsed Embankment
8 Actual Water Level in the River
9 Probability of Embankment Collapsing
10 Weekly Water Discharge Caused by Collapsed Embankment
11 Weekly Rainfall for February in LC-10
12 Weekly Rainfall for January in LC-10
13 Weekly Rainfall for July in LC-10
14 Weekly Rainfall for June in LC-10
15 Weekly Rainfall for March in LC-10
16 Weekly Rainfall for April in LC-10
17 Weekly Rainfall for August in LC-10
18 Weekly Rainfall for December in LC-10
19 Weekly Rainfall for September in LC-10
20 Weekly Rainfall for May in LC-10
21 Weekly Rainfall for November in LC-10
22 Weekly Rainfall for October in LC-10
23 Portion of a Specific Area Covered by Forest
24 Portion of a Specific Area Covered by a Lake
25 Portion of a Specific Area Covered by Aquaculture
26 Portion of a Specific Area Covered by Paddy Fields
27 Portion of a Specific Area Covered by Residences
28 Lake Areas
29 Paddy Fields
30 Forest Areas
31 Aquaculture Areas
32 Residential Areas
33 Weekly Rainfall Upstream
34 Weekly Rainfall for April Upstream
35 Weekly Rainfall for August Upstream
36 Weekly Rainfall for December Upstream
37 Weekly Rainfall for February Upstream
38 Weekly Rainfall for January Upstream
39 Weekly Rainfall for July Upstream
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No Variables
40 Weekly Rainfall for June Upstream
41 Weekly Water Discharge from LC-10
42 Weekly Rainfall for May Upstream
43 Weekly Rainfall for October Upstream
44 Weekly Rainfall for September Upstream
45 Weekly Rainfall for March Upstream
46 Weekly Rainfall for November Upstream
47 Weekly Water Discharge from Upstream
48 Maximum Capacity of Water Flowing in the River
49 Maximum Capacity of Jabung Swamp Area
50 Jabung Swamp’s Depth
51 Inundation Height in Centini Village
52 Inundation Height in LC-10
53 Local Water Discharge to the Plains
54 Weekly Returning Water Spilled from Plain.
55 Areas with Elevation of up to 8 m
56 Areas with Elevation of up to 15 m
57 Areas with Elevation of up to 12 m
58 Inundated Areas
59 Areas with Elevation of more than 15 m
60 Areas with Elevation of up to 10 m
61 Bengawan Solo River Volume in LC-10
62 Volume Capacity of Jabung Swamp Area
63 Built up Areas in LC-10
64 Capacity of Water Pumps
65 Open Space in LC-10
66 Flood Volume in LC-10
67 Jabung Swamp Area
68 Total Catchment Areas Upstream of Bengawan Solo
69 Areas with Elevation of up to 4 m
70 Areas with Elevation of up to 5 m
71 Areas with Elevation of up to 6 m
72 Total Area of LC-10
73 Areas with Elevation of up to 7 m
74 River Capacity
75 Embankment Height
76 Capacity of Drainage System
77 Duration of Embankment Collapse
78 River Width
79 River Length
80 Lookup Model Function for Stream Flow Velocity
81 Stream Flow Velocity
82 Noise seeds
83 Unit Multiplier
84 Critical Percentage for Embankment Height
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Variables in the Victim Sub Model
No Variables
1 Annual Deaths
2 Annual Births
3 Deaths During Evacuation
4 Effectiveness of Medical Treatments
5 Number of Villagers Who Recover from Chronic Disease
6 Number of Villagers who Stay at Home
7 Weekly Number of Villagers with Chronic Disease at Home Who Get
Infected
8 Number of Annual Births
9 Number of Villagers Living in Areas with Elevation of up to 5 m
10 Number of Annual Deaths
11 Number of Villagers Living in Areas with Elevation of up to 7 m
12 Number of Villagers Living in Areas with Elevation more than 7 m
13 Weekly Number of Villagers Returning from Evacuation
14 Number of Villagers Living in Areas with Elevation of up to 6 m
15 Number of Villagers under 5 Years Old
16 Number of Villagers over 65 Years Old
17 Weekly Population Increase
18 Number of Evacuated Villagers from Home
19 Weekly Population Decrease
20 Total Population in Centini Village
21 Number of Villagers with Minor Health Problems (such as colds, skin
irritations, stomach problems, etc.)
22 Number of Villagers with Chronic Disease
23 Number of Evacuated Villagers
24 Number of Deaths due to Chronic Disease
25 Number of Villagers with Chronic Disease in Evacuation Shelters Who
Get Infected
26 Number of Impacted Villagers from Flood
27 Average In-migration per Week
28 Average Out-migration per Week
29 Number of Births per 1,000 People
30 Number of Deaths per 1,000 People
31 Number of Hospitalised Villagers
32 Number of Deaths at Home
33 Number of Weekly Births
34 Number of Weekly Deaths
35 Public Health Awareness
36 Percentage of Villagers with Chronic Disease to the Total Number of
Villagers
37 Inundation Height Categorisation in Centini Village
38 Rainfall Categorisation in LC-10
39 Weather Condition Categorisation
40 Scoring of Villagers with Minor Health Problems
41 Area’s Cleanliness Categorisation
42 Percentage of Impacted Villagers
43 Number of Deaths at Home
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Variables in Responses Sub Model
No Variables
1 Food and Medicine Availability in Emergency Situation
A. "Food and Medicine Availability in Emergency Situation-1"
B. "Food and Medicine Availability in Emergency Situation-2"
C. "Food and Medicine Availability in Emergency Situation-3"
D. "Food and Medicine Availability in Emergency Situation-4"
E. "Food and Medicine Availability in Emergency Situation-5"
F. "Food and Medicine Availability in Emergency Situation-6"
G. "Food and Medicine Availability in Emergency Situation-7"
H. "Food and Medicine Availability in Emergency Situation-8"
I. "Food and Medicine Availability in Emergency Situation-9"
J. "Food and Medicine Availability in Emergency Situation-10"
K. "Food and Medicine Availability in Emergency Situation-11"
L. "Food and Medicine Availability in Emergency Situation-12"
2 Government Assistance Results
3 Leadership
4 Level of Community Collectiveness
5 Conversion of the Pattern of Inundation Height
6 Availability of Emergency Plan or Procedure
7 Government Budgeting Cycle
8 East Java Provincial Government's Stocks for Disaster Assistance
9 Flood Frequency
10 Attitude to Disaster and Disaster Management
11 Government Assistance
12 Rehabilitation Assistance from East Java Provincial Government
13 Sympathetic Emotions
14 Involvement of Volunteers
15 Involvement of NGOs
16 Lamongan Municipal Government's Coordination
17 Involvement of Mass Media
18 Accessibility of Affected Areas
19 Lamongan Municipal Government's Policies
20 Communication Intensity
21 Ownership of Communication Media
22 Other Disaster Events in East Java Province
23 Availability of Emergency Facilities
24 Level of Leadership of Village Formal/Informal Leaders
25 Social Interaction in Community
26 Belief in Rewards and Punishments from God
27 Community Participation in Disaster Management
28 Local Knowledge
29 Level of Community Trust in Formal and Informal Leaders
30 Effectiveness of Information Centres
31 Lamongan Municipal Government's Programs
32 Involvement of External Parties
33 Local Activists’ Participation
34 Lamongan Municipal Government's Capacity
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No Variables
35 Early Warning System Procedures
36 Support from External Parties
Variables in Housing Sub Model
No Variables
1 Model Signal to Start Repairing Houses
2 Model Signal to Start Pre-Assessment on House Repairs
3 Weekly Repaired Permanent Houses from Minor Damage
4 Weekly Repaired Permanent Houses from Major Damage
5 Weekly Repaired Semi-Permanent Houses from Minor Damage
6 Model Signal to Stop Assessment on the Damaged Houses
7 Weekly Repaired Non-Permanent Houses from Major Damage
8 Model Signal Accumulation for Damaged House Assessment
9 Average House recovery costs of high income family
10 Weekly Repaired Non-Permanent Houses from Minor Damage
11 Weekly Repaired Semi-Permanent Houses from Major Damage
12 Probability of Major Damage to Non-Permanent Houses already Suffering
Minor Damage
13 Probability of Major Damage to Permanent Houses already Suffering
Minor Damage
14 Probability of Major Damage to Semi-Permanent Houses already
Suffering Minor Damage
15 Probability of Collapse of Non-Permanent Houses already Suffering
Major Damage
19 Total Reconstruction Aid for Permanent Houses
20 Weekly Rebuilding Semi-Permanent Houses
21 Self-Funding in Rebuilding Semi-Permanent Houses
22 Weekly Rebuilding Permanent Houses
23 Weekly major damaged permanent houses from minor damage
24 Probability of collapse of permanent houses already suffering minor
damage
25 Weekly Additional Houses
26 Average Number of Villagers in a House
27 Weekly New Semi-Permanent Houses
28 Weekly New Permanent Houses
29 Weekly New Non-Permanent Houses
30 Total Number of New Houses
31 Total Number of Permanent Houses
32 Model Random Generator for Additional New Houses
33 Total Number of Non-Permanent Houses
34 Total Number of Semi-Permanent Houses
35 Total Number of Houses
36 Weekly Rebuilding Non-Permanent Houses
37 Weekly Additional Collapsed Permanent Houses from Major Damage
38
Weekly Additional Collapsed Semi-Permanent Houses from Major
Damage
39 Initial Number of Permanent Houses
40 Weekly Additional Collapsed Permanent Houses from Minor Damage
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No Variables
41
Weekly Additional Collapsed Semi-Permanent Houses from Minor
Damage
42 Initial number of semi-permanent houses for low income group
43 initial number of non-permanent houses
44 Number of Minor Damaged Permanent Houses
45 Number of Minor Damaged Semi-Permanent Houses
46
Weekly Additional Collapsed Non-Permanent Houses from Minor
Damage
47 Weekly Collapsed Permanent Houses
48 Total Reconstruction Aids for Non-Permanent Houses
49 Self-Funding for Rebuilding Permanent Houses
50 Number of Major Damaged Semi-Permanent Houses
51
Weekly Additional Collapsed Non-Permanent Houses from Major
Damage
52 Number of Non-Permanent Houses in Good Condition
53 Number of Collapsed Non-Permanent Houses
54 Number of Collapsed Permanent Houses
55 Weekly Minor Damaged Permanent Houses
56
Weekly Additional Major Damaged Non-Permanent Houses from Minor
Damage
57 Number of Collapsed Semi-Permanent Houses
58 Weekly Major Damaged Permanent Houses
59 Number of Major Damaged Permanent Houses
60 Number of Minor Damaged Non-Permanent Houses
61 Number of Major Damaged Non-Permanent Houses
62 Weekly Collapsed Non-Permanent Houses
63 Weekly Major Damaged Semi-Permanent Houses
64 Weekly Minor Damaged Non-Permanent Houses
65 Total Reconstruction Aid for Semi-Permanent Houses
66 Weekly Collapsed Semi-Permanent Houses
67 Average Cost of Minor Repair for a Permanent House
68 Average Cost of Minor Repair for a Semi-Permanent House
69 Average Cost of Rebuilding for a Permanent House
70 Average Cost of Rebuilding for a Semi-Permanent House
71 Average Cost of Major Repair for a Permanent House
72 Average Cost of Major Repair for a Semi-Permanent House
73 Number of Permanent Houses Located below 5 m
74 Number of Permanent Houses Located below 6 m
75 Number of Permanent Houses Located below 7 m
76 Number of Permanent Houses Located above 7 m
77 Number of Semi-Permanent Houses Located below 5 m
78 Number of Semi-Permanent Houses Located below 6 m
79 Number of Semi-Permanent Houses Located below 7 m
80 Number of Permanent Houses in Good Condition
81 Number of Semi-Permanent Houses in Good Condition
82 Number of Semi-Permanent Houses Located above 7 m
83 Number of Non-Permanent Houses Located below 7 m.
84 Number of Non-Permanent Houses Located above 7 m.
85 Number of Non-Permanent Houses Located below 6 m.
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86 Number of Non-Permanent Houses Located below 5 m.
87 Weekly Minor Damaged Semi-Permanent Houses.
88 Initial number of semi-permanent houses
89 Average house recovery costs of low income families
90 Number of non-permanent houses in good condition
91 Community self-help mechanisms for rebuilding non-permanent houses
92 Weekly major damaged non-permanent houses
93
Probability of collapse of non-permanent houses already suffering minor
damage
94 Weekly repaired non-permanent houses from major damage
95 Accumulation of additional houses
96 Number of houses based on population increases
97 Community Self-help Mechanisms
98 Signal for inundation
99 Delay signal for inundation
100 Signal for inundation ending
101 Signal for low inundation height
102 Delay for house repairs
103 Signal for starting repairs
104 Model signal to start assessment on the damaged houses
105 Model signal accumulation for zero inundation in residential areas
106 Model signal to stop zero inundation in residential areas
107 Model signal to start zero inundation in residential areas
108 Signal for starting repairs
109 Average house recovery costs of middle income families
110
Weekly additional major damaged semi-permanent houses from minor
damage
111 Average Cost of Major Repair for a Non-Permanent House
112 Average Cost of Rebuilding for a Non-Permanent House
113 Average Cost of Minor Repair for a Non-Permanent House
Variables in Income Sub Model
No Variables
1 Aquaculture Harvesting
2 Model Signal to Stop Where Inundation is Below 2.2 m
3 Operators’ Income in Paddy Field
4 Model Signal to Start where Inundation is over 2.2 m
5 Model Signal to Stop where Inundation is over 2.2 m
6 Model Signal to Start Zero Inundation
7 Model Signal Accumulation for Zero Inundation
8 Model Signal Accumulation where Inundation is over 2.2 m
9 Probability of sold stocks out of the total stock in every flood situation
10 Income of paddy field owner-operators
11 Paddy harvesting for paddy-aquaculture families
12 Income of paddy field owners with aquaculture
13 Aquaculture harvesting for paddy-aquaculture farmers
14 Model signal to stop zero inundation
15 Model signal to stop where inundation more than 2.2 m for paddy-
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No Variables
aquaculture families
16 Officers' Income.
17 Production Value of Paddy.
18 Production Value of Aquaculture.
19 Paddy Harvesting.
20 Model Signal to Stop Inundation over 2.2 m for Paddy-Aquaculture
Families.
21 Model Signal Accumulation for Inundation below 2.2 m.
22 Model Signal to Start where Inundation is below 2.2 m.
23 Operators' Income in Aquaculture.
24 Aquaculture Owned Farmers' Income.
25 Wage.
26 Model signal to start where inundation is over 2.2 m for paddy-
aquaculture families
Variables in Saving Sub Model
No Variables
1 Insurance Benefits for High Income Traders.
2 Insurance Benefits for High Income Paddy Field Owners with
Aquaculture.
3 Insurance Benefits for High Income Paddy Field Owners.
4 Duration of Insurance Payments.
5 Insurance Benefits Model Signal for High Income Traders.
6 Insurance Involvement
7 Insurance Benefits for High Income Officers.
8 Insurance Benefits Model Signal for High Income Aquaculture Owner-
Farmers.
9 Income of High Income Aquaculture Farmers.
10 Insurance Benefits Model Signal for High Income Paddy Field Owners.
11 Income of High Income Officers.
12 Insurance Benefits Model Signal for High Income Officers.
13 Insurance Premium on Permanent Houses.
14 High Income Family Payment on Insurance Premium
15 Insurance Benefits for High Income Aquaculture Owner-Farmers
16 Insurance Benefits Model Signal for High Income Paddy Field Owners
with Aquaculture.
17 Income of middle income traders
18 Average Aquaculture Land for Operator in Aquaculture.
19 Average Paddy Field for Operator in Farming.
20 Buying Additional Land for Aquaculture by High Income Farmers.
21 Buying Additional Land for Aquaculture by Middle Income Farmers.
22 Selling Aquaculture Land by High Income Farmers.
23 Selling Aquaculture Land by Middle Income Farmers.
24 Expenditure of Middle Income Officers.
25 Property Losses of Low Income Officers.
26 Property Losses of High Income Officers.
27 Expenditure of High Income Farmers for Aquaculture Land Buying.
28 Buying Stock for the Low Income Shops.
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No Variables
29 Buying Stock for the Middle Income Shops.
30 Middle Income Traders' Savings.
31 Average value of Stock for High Income Traders.
32 Average value of purchased goods for middle income traders
33 Number of Families in the Group of Operators in Aquaculture.
34 Savings of Low Income Officers.
35 Savings of Middle Income Aquaculture Owner-Farmers.
36 Sales Profit for Low Income Traders.
37 Value of sales for Middle Income Traders.
38 Sales Profit for High Income Traders.
39 Sales Profit for Middle Income Traders.
40 Value of Sales for High Income Traders.
41 Value of Sales for Middle Income Traders.
42 Value of Sales for Low Income Traders.
43 Ratio of High Income Traders’ Stock to the Average Traders’ Stock.
44 Ratio of Low Income Traders’ Stock to the Average Traders’ Stock.
45 Ratio of Middle Income Traders’ Stock to the Average Traders’ Stock.
46 Average Value of Stock for Low Income Traders.
47 Number of Families in Middle Income Paddy Field Owners with
Aquaculture.
48 Number of Families in High Income Paddy Owners with Aquaculture.
49 Number of Families in Middle Income Paddy Field Owners.
50 Number of Families in Paddy Field Owners-Operators.
51 Number of Families in High Income Traders.
52 Number of Families in Middle Income Traders.
53 Number of Families in High Income Aquaculture Owners-Farmers.
54 Number of Families in High Income Officers.
55 Number of Families in High Income Paddy Field Owners.
56 Number of Families in Low Income Traders.
57 Number of Families in Low Income Officers.
58 Number of Families in Middle Income Officers.
59 Number of Families in Aquaculture Operators.
60 Largest Area of Paddy Field for Middle Income Paddy Field Owners with
Aquaculture.
61 Additional Weekly Spending of Low Income Traders.
62 Expenditure of High Income Paddy Field Owners with Aquaculture for
Land Buying.
63 Expenditure of Paddy Field Owner-Operators for Paddy Field Buying.
64 Expenditure of Middle Income Farmers for Aquaculture Land Buying.
65 Income of High Income Paddy Field Owners with Aquaculture for Land
Selling.
66 Expenditure of Middle Income Paddy Field Owners with Aquaculture for
Land Buying.
67 Income of Middle Income Aquaculture Owner-Farmers for Land Selling.
68 Buying Additional Field for High Income Paddy Field Owners with
Aquaculture.
69 Buying Additional Field for Paddy Field Owner-Operators.
70 Buying Additional Field for Middle Income Paddy Field Owners with
Aquaculture.
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No Variables
71 Additional Weekly Spending of High Income Paddy Field Owners with
Aquaculture.
72 Additional Weekly Spending of High Income Traders.
73 Additional Weekly Spending of Middle Income Aquaculture Farmers.
74 Additional Weekly Spending of High Income Aquaculture Farmers.
75 Additional Weekly Spending of Paddy Field Owner-Operators.
76 Additional Weekly Spending of Operators in Aquaculture.
77 Additional Weekly Spending of Operators in Farming.
78 Ratio of High Income Paddy Field Owners with Aquaculture to the Total
number of High Income Families.
79 Additional Weekly Spending of Middle Income Paddy Field Owners with
Aquaculture.
80 Additional Weekly Spending of Middle Income Traders.
81 Ratio of Paddy Field Owner-Operators to the Total Number of Low
Income Families.
82 Expenditure of middle income traders
83 Ratio of Low Income Traders to the Total Number of Low Income
Families.
84 Smallest Area of Aquaculture land for High Income Aquaculture Owner-
Farmers.
85 Aquaculture Land Price.
86 Smallest Area of Paddy Field for High Income Paddy Field Owners with
Aquaculture.
87 Largest Area of Aquaculture Land for High Income Aquaculture Owner-
Farmers.
88 Largest Area of Paddy Field for High Income Paddy Field Owners with
Aquaculture.
89 Ratio of Middle Income Officers to the Total Number of Middle Income
Families.
90 Assessment of Property Losses.
91 Ratio of Middle Income Traders to the Total Number of Middle Income
Families.
92 Ratio of Operators in Aquaculture to the Total Number of Low Income
Families.
93 Income of High Income Farmers for Aquaculture Land Selling.
94 Average Area of Aquaculture Field for High Income Farmers.
95 Average Area of Aquaculture Field for Middle Income Farmers.
96 Ratio of Property Losses to the Average Losses Overall.
97 Land Selling by Middle Income Paddy Field Owners with Aquaculture.
98 Ratio of High Income Paddy Field Owners to the Total Number of High
Income Families.
99 Ratio of Low Income Officers to the Total Number of Low Income
Families.
100 Income of Paddy Field Owner-Operators for Paddy Field Selling.
101 Average Paddy Field Area for Low Income Families.
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No Variables
102 Property Losses of High Income Aquaculture Owner-Farmers.
103 Average Field Area for High Income Paddy Field Owners with
Aquaculture.
104 Average Field Area for Middle Income Paddy Field Owners with
Aquaculture.
105 Property Losses of High Income Paddy Field Owners with Aquaculture.
106 Property Losses of Middle Income Paddy Field Owners with Aquaculture.
107 Property Losses of Middle Income Aquaculture Owner-Farmers.
108 Ratio of High Income Traders to the Total Number of High Income
Families.
109 Property Losses of High Income Traders.
110 Property Losses of Low Income Traders.
111 Property Losses of Middle Income Traders.
112 Expenditure of Operators in Aquaculture.
113 Expenditure of Operators in Farming.
114 Paddy Field Selling by Paddy Field Owner-Operators.
115 Income of Low Income Paddy Field Owner-Operators.
116 Ratio of High Income Aquaculture Owner-Farmers to the Total Number of
High Income Families.
117 Largest Area of Aquaculture Lands for Middle Income Aquaculture
Owner-Farmers.
118 Property Losses of Paddy Field Owner-Operators.
119 Ratio of Operators in Farming to the Total Number of Low Income
Families.
120 Ratio of Middle Income Aquaculture Owner-Farmers to the Total Number
of Middle Income Families.
121 Largest Area of Paddy Field for Owner-Farmers.
122 Smallest Area of Paddy Field for Owner-Farmers.
123 Ratio of Middle Income Paddy Field Owners to the Total Number of
Middle Income Families.
124 Ratio of Middle Income Paddy Field Owners with Aquaculture to the Total
Number of Middle Income Families.
125 Income of Middle Paddy Field Owners with Aquaculture for Land Selling.
126 Expenditure of Paddy Field Owner-Operators.
127 Property Losses of Operators in Farming.
128 Smallest Area of Paddy Field for Middle Income Paddy Field Owners with
Aquaculture.
129 Smallest Area of Aquaculture Lands for Middle Income Farmers.
130 Largest Area of Paddy Field for Middle Income Paddy Field Owners.
131 Paddy Field Selling by Middle Income Paddy Field Owners.
132 Savings of Middle Income Paddy Field Owners.
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No Variables
133 Ratio of middle income traders to the total of middle income families
134 Average Paddy Field Area for High Income Family.
135 Cash transfer from government
136 Income of Middle Income Paddy Field Owners.
137 Expenditure of Middle Income Paddy Field Owners for Land Buying.
138 Expenditure of High Income Paddy Field Owners for Land Buying.
139 Buying Additional Field for High Income Paddy Field Owners.
140 Smallest Area of Paddy Field for Middle Income Paddy Field Owners.
141 Additional Weekly Spending of High Income Paddy Field Owners.
142 Paddy Field Selling by High Income Paddy Field Owners.
143 Largest Area of Paddy Field for High Income Paddy Field Owners.
144 Savings of High Income Paddy Field Owners.
145 Property Losses of High Income Paddy Field Owners.
146 Income of High Income Paddy Field Owners from Land Selling.
147 Smallest Area of Paddy Field for High Income Paddy Field Owners.
148 Property Losses of Middle Income Paddy Field Owners.
149 Income of Low Income Officers.
150 Assessment for property losses
151 Additional Weekly Expenditure of Low Income Officers.
152 Ratio of Weekly Expenditure for Middle Income Family to the Weekly
Expenditure of All Families.
153 Additional Weekly Spending of Middle Income Paddy Field Owners.
154 Average Paddy Field for Middle Income Families.
155 Income of Middle Income Officers.
156 Average Savings of High Income Families.
157 Average Savings of Low Income Families.
158 Average Savings of Middle Income Families.
159 Savings of Middle Income Officers.
160 Income Scoring for Middle Level Officers.
161 Income Scoring for Low Level Officers.
162 Savings of Operators in Aquaculture.
163 Savings of High Income Paddy Field Owners with Aquaculture.
164 Savings of Operators in Farming.
165 Savings of High Income Aquaculture Owner-Farmers.
166 Savings of Paddy Field Owner-Operators.
167 Income Scoring for High Level Officers.
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168 Savings of Middle Income Paddy Field Owners with Aquaculture.
169 Savings of High Income Officers.
170 Income of Paddy Field Owner-Operators.
171 Expenditure of High Income Paddy Field Owners.
172 Expenditure of High Income Officers.
173 Additional Weekly Spending of High Income Officers.
174 Expenditure of High Income Traders.
175 Expenditure of High Income Aquaculture Farmers.
176 Expenditure of High Income Paddy Owners with Aquaculture.
177 Income of High Income Paddy Owners with Aquaculture
178 Income of High Paddy Field Owners with Aquaculture for Land Selling
179 Expenditure of High Paddy Field Owners with Aquaculture for Land
Buying
180 Ratio of High Income Officers to the Total Number of High Income
Families
181 Ratio of Weekly Expenditure for High Income Families to the Weekly
Expenditure of All Families
182 Income of High Income Paddy Field Owners
183 Income of High Income Traders
184 Expenditure of Low Income Officers
185 Insurance Benefits Model Signal for Low Income Officers
186 Insurance Benefits for Low Income Officers
187 Minimum Amount of Money that will not be Covered by Insurance
Company for High Income Families
188 Minimum Amount of Money that will not be Covered by Insurance
Company for Low Income Families
189 Insurance Benefits Model Signal for Low Income Paddy Field Owner-
Operators
190 Insurance Benefits for Low Income Paddy Field Owner-Operators
191 Insurance Benefits Model Signal for Low Income Operators in
Aquaculture
192 Insurance Benefits Model Signal for Low Income Traders
193 Insurance Benefits Model Signal for Low Income Operators in Farming
194 Insurance Benefits for Low Income Operators in Farming
195 Insurance Benefits for Low Income Traders
196 Insurance Benefits for Low Income Operators in Aquaculture
197 Low Income Families Payment on Insurance Premium
198 Duration of Insurance Payment for Low Income Families
199 Insurance Premium on Non-Permanent Houses
200 Income of Operators in Farming
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No Variables
201 Income of Low Income Traders
202 Expenditure of Low Income Traders
203 Number of Families in Operators in Farming
204 Ratio of Weekly Expenditure for Low Income Families to The Weekly
Expenditure of All Families
205 Income of Middle Income Aquaculture Farmers
206 Income of Middle Paddy Field Owners with Aquaculture for Land Selling
207 Income of Middle Income Paddy Owners with Aquaculture Farmers
208 Expenditure of Middle Income Aquaculture Farmers
209 Expenditure of Middle Income Paddy Field Owners With Aquaculture for
Land Buying
210 Savings of Middle Income Paddy Field Owners with Aquaculture
211 Expenditure of Middle Income Paddy Owners with Aquaculture
212 Insurance Benefits Model Signal for Middle Income Officers
213 Insurance Benefits Model Signal for Middle Income Paddy Field Owners
with Aquaculture
214 Insurance Benefits Model Signal for Middle Income Aquaculture Owners
Farmers
215 Insurance Benefits Model Signal for Middle Income Traders
216 Insurance Benefits Model Signal for Middle Income Paddy Field Owners
217 Minimum Amount of Money that will not be Covered by Insurance
Company for Middle Income Families
218 Insurance Benefits for Middle Income Officers
219 Insurance Benefits for Middle Income Paddy Field Owners with
Aquaculture
220 Insurance Benefits for Middle Income Aquaculture Owner-Farmers
221 Insurance Benefits for Middle Income Traders
222 Insurance Benefits for Middle Income Paddy Field Owners
223 Insurance Premium for Semi-Permanent Houses
224 Middle Income Families Payment on Insurance Premium
225 Duration of Insurance Payment for Middle Income Families
226 Number of Families in Middle Income Aquaculture Owner-Farmers
227 Number of Families in Middle Income Paddy Field Owners with
Aquaculture
228 Smallest Area of Paddy Field for Middle Income Paddy Field Owners with
Aquaculture
229 Extra Income
230 Disaster Assistance
231 Property Losses of Middle Income Officers
232 Ratio Of Weekly Expenditure for Middle Income Families to the Weekly
Expenditure of All Families
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233 Expenditure of Middle Income Paddy Field Owners
234 Paddy Field Price
Variables in Spending Sub Model
No Variables
1 Model signal accumulation for harvesting by paddy-aquaculture farmers
2 Price of Fish Fry for Paddy-Aquaculture Farmers
3 Model Signal for Starting Paddy Planting by Paddy-Aquaculture Farmers
4 Model signal to start paddy harvesting by paddy-aquaculture families
5 Costs of Fish Fry for Paddy-Aquaculture Farmers
6 Model signal for planting aquaculture by paddy-aquaculture farmers
7 Costs of aquaculture for paddy-aquaculture farmers
8 Costs of Stock for Average Traders
9 Model signal to start aquaculture planting by paddy-aquaculture farmers
10 Model signal accumulation for aquaculture harvesting by paddy-
aquaculture farmers
11 Costs of Average Traders
12 Costs of Paddy Seeds for Paddy-Aquaculture Farmers
13 Costs of Paddy Seeds
14 Costs of Fish Fry
15 Weekly Maintenance Cost of Aquaculture Including Fertiliser for Paddy-
Aquaculture Farmers
16 Costs of Irrigation for Paddy-Aquaculture Farmers
17 Operating Costs of Aquaculture for Paddy-Aquaculture Farmers
18 Productive Costs of Aquaculture-Paddy Farmers
19 Costs of Paddy Planting
20 Costs of Paddy Planting for Paddy-Aquaculture Farmers
21 Costs Related to Fertilising for Paddy-Aquaculture Farmers
22 Model signal to start aquaculture harvesting by paddy-aquaculture
farmers
23 Model signal to start aquaculture harvesting
24 Costs of Operators for Paddy-Aquaculture Farmers
25 Costs of Aquaculture Harvesting for Paddy-Aquaculture Farmers
26 Costs of Paddy Harvesting for Paddy-Aquaculture Farmers
27 Costs of Paddy for Paddy-Aquaculture Farmers
28 Costs of Aquaculture Harvesting
29 Model signal accumulation for aquaculture harvesting
30 Weekly Aquaculture Maintenance Costs Including Fertilizer
31 Model signal to start aquaculture planting
32 Market seasons
33 Costs of Paddy
34 Costs Related to Fertilising
35 Costs of Irrigation for Paddy
36 Model signal to start paddy harvesting
37 Model signal to start paddy planting
38 Costs of Paddy Operators
39 Operational Costs of Aquaculture
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40 Costs of Paddy Harvesting
41 Model signal accumulation for paddy harvesting
42 Costs of Kenaf Seeds
43 Weekly Expenditure of Families
44 Costs of Aquaculture
45 Costs of Irrigation for Kenaf
46 Miscellaneous Expenses
47 Food Expenses
48 Costs of Kenaf Plantation
49 Shops Rental Costs
50 Education Expenses
Variables in Vulnerability Indicators
No Variables
1. Economic Losses of High Income Families
2. Economic Losses of Middle Income Families
3. Total Number of Minor Damaged Houses
4. Total Number of Collapsed Houses
5. Number of Deaths
6. Total Number of Major Damaged Houses
7. Economic Losses for Low Income Families
8. Number of weeks for total collapsed houses
9. Total collapsed houses conversion to number of weeks
10. Conversion number
11. Number of weeks for villagers with chronic disease
12. Number of villagers with chronic disease conversion to number of weeks
13. Total major damaged houses conversion to number of weeks
14. Number of weeks for villagers in evacuation shelters
15. Number of villagers in evacuation shelters conversion to number of
weeks
16. Number of weeks for total minor damaged houses
17. Number of weeks for total major damaged houses
18. Total minor damaged houses conversion to number of weeks
19. Economic losses for low income family with semi-permanent houses
20. Average savings of high income families
21. Average savings of low income families
22. Average savings of middle income families
23. Low income families' saving with semi-permanent houses
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APPENDIX XII
ACTUAL MODEL IN CD PACK
In the CD, there are two models reflecting the model under current condition
and climate change scenario. Both of the models are built by using Vensim
software version Professional Academic 5.10e. The free version of the
software (Vensim PLE) can be downloaded at
http://www.vensim.com/download.html.
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APPENDIX XIII
COMPARISON BETWEEN MODEL OUTPUT AND
ACTUAL DATA ON WATER LEVEL IN BENGAWAN
SOLO RIVER
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1 4.156 2.8011
2 5.0243 3.7647
3 5.3957 3.6419
4 5.71 3.9474
5 6.9246 4.6301
6 7.2671 7.5244
7 7.1557 3.9006
8 6.85 4.8037
9 5.702 5.4082
10 3.6422
11 3.1074
12 3.8127
13 3.7279
14 8.3033 3.9236
15 7.2214 4.1030
16 7.2771 4.3186
17 7.48 4.6012
18 7.4067 2.3639
19 1.9027
20 2.0056
21 1.7967
22 1.9189
23 1.8617
24 1.8347
25 1.6230
26 1.4844
27 2.785 1.6598
28 2.85 1.8079
29 2.8743 1.9591
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Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
30 3.2771 1.7238
31 3.175 1.5639
32 2.7 1.4441
33 2.3771 1.3663
34 2.3486 1.6597
35 2.3829 1.8764
36 1.81 2.0747
37 2.2 2.2436
38 3.9829 3.4675
39 2.8686 4.3075
40 2.5986 4.8370
41 4.7429 5.2752
42 4.08 6.8157
43 4.61 7.6295
44 - 7.9467
45 5.6343 7.8772
46 5.48 8.7738
47 4.9514 8.7122
48 5.0586 8.8933
49 6.7057 8.7073
50 5.2 7.6589
51 6.3129 7.4704
52 4.2614 6.8426
53 4.19 6.3424
54 9.4509
55 5.1792
56 6.3328
57 6.3211
58 5.3244
59 4.3126
60 5.2086
61 5.2872
62 5.6843 5.4307
63 5.9471 5.6446
64 5.4829 5.7441
65 4.6714 5.9457
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Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
66 4.8514 3.4711
67 4.9229 3.0553
68 4.03 3.2798
69 3.63 2.9578
70 3.38 2.9465
71 3.0914 2.6757
72 2.9086 2.4650
73 2.7429 2.0953
74 2.6157 1.8500
75 2.4833 2.0193
76 2.4014 2.1495
77 2.0871 2.2344
78 - 1.9585
79 1.3629 1.7489
80 1.0686 1.5902
81 0.9029 1.4812
82 0.7686 1.7405
83 0.6014 1.9677
84 0.5271 2.1759
85 0.5343 2.3069
86 0.4671 3.5114
87 0.3643 4.2892
88 0.3 4.8556
89 0.2643 5.3076
90 0.24 6.8657
91 0.2243 7.5741
92 0.1814 7.9319
93 0.1243 7.8617
94 0.1429 8.7303
95 2.3386 8.7167
96 2.1871 8.9266
97 2.3143 8.7837
98 2.2729 7.5355
99 2.7714 7.4340
100 4.1471 6.8148
101 3.6343 6.2911
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Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
102 2.4971 9.2898
103 3.12 5.1724
104 2.0543 6.2580
105 2.2936 6.2633
106 5.3119
107 4.3284
108 5.2320
109 5.2641
110 5.6383 5.4693
111 5.7529 5.6233
112 5.2171 5.8279
113 4.4071 5.9241
114 4.93 3.4740
115 5.6829 3.0701
116 5.7686 3.3628
117 5.6614 2.9800
118 - 3.0374
119 4.8671 2.7598
120 5.3329 2.5743
121 3.3457 2.1403
122 4.8443 1.8993
123 3.2186 2.0879
124 2.8943 2.2318
125 2.2929 2.2839
126 2.4029 1.9796
127 2.9586 1.7721
128 4.4071 1.6383
129 3.7929 1.5184
130 2.4686 1.7631
131 2.0529 1.9742
132 1.8157 2.1821
133 1.6729 2.3173
134 1.55 3.4547
135 1.4071 4.2775
136 1.2671 4.8662
137 1.0571 5.2660
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Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
138 0.8086 6.9034
139 0.6357 7.6705
140 0.5171 8.0523
141 0.44 7.9924
142 0.3729 8.8279
143 0.32 8.6915
144 0.3029 8.9180
145 0.29 8.7859
146 0.2643 7.6653
147 0.2243 7.5093
148 0.1871 6.8696
149 0.21 6.3275
150 0.1971 9.3813
151 0.2143 5.1480
152 0.2529 6.3308
153 2.6771 6.4153
154 3.2129 5.3506
155 3.6814 4.3504
156 2.8143 5.2415
157 2.7767 5.2957
158 - 5.4887
159 5.6887
160 5.8277
161 6.0067
162 5.246 3.5636
163 6.0657 3.1615
164 6.0029 3.3683
165 6.8071 3.0240
166 4.7586 3.0721
167 4.9314 2.7742
168 6.3957 2.5295
169 6.8371 2.1013
170 4.9157 1.9023
171 3.6971 2.0583
172 4.0657 2.1932
173 3.2929 2.2859
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Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
174 2.4971 1.9844
175 4.15 1.7797
176 3.44 1.6169
177 4.3429 1.5053
178 3.56 1.7670
179 2.9814 1.9692
180 4.7786 2.1553
181 3.5 2.3096
182 3.8786 3.5244
183 5.5086 4.3702
184 6.0286 4.8655
185 4.9114 5.2781
186 2.8357 6.9804
187 2.4186 7.5811
188 2.7729 7.9996
189 2.4357 7.9024
190 2.0329 8.7781
191 2.9514 8.6674
192 - 8.9321
193 3.3286 8.7694
194 2.8071 7.7047
195 1.5571 7.5020
196 1.1486 6.8811
197 1.15 6.3439
198 1.0714 9.3513
199 0.6886 5.2309
200 1.6386 6.2491
201 2.8 6.3482
202 3.0786 5.3409
203 3.2343 4.3210
204 2.6657 5.2159
205 2.36 5.2737
206 4.9871 5.4926
207 5.3986 5.6604
208 5.1071 5.8313
209 5.6914 5.9338
XIII - 6
II - 66
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
210 6.7829 3.5126
211 4.8786 3.1603
212 6.31 3.3934
213 6.2371 3.0322
214 4.9586 3.0594
215 5.6929 2.7598
216 5.5343 2.5645
217 5.6529 2.1111
218 5.52 1.8892
219 5.7143 2.0798
220 5.7871 2.1946
221 4.8871 2.2834
222 5.7657 1.9849
223 5.94 1.7695
224 6.83 1.6275
225 7.0686 1.5145
226 - 1.7997
227 5.6943 2.0199
228 7.3257 2.2022
229 4.09 2.3588
230 5.8686 3.4956
231 4.5271 4.3421
232 4.5743 4.8868
233 3.4429 5.3035
234 1.8871 6.8833
235 1.4314 7.6449
236 1.4186 8.1140
237 1.22 7.8652
238 1.22 8.7438
239 0.9586 8.7186
240 0.7986 8.9308
241 1.0043 8.7912
242 0.7871 7.6942
243 0.6314 7.5333
244 0.5757 6.8730
245 0.4686 6.3700
XIII - 7
II - 67
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
246 0.4629 9.3183
247 0.44 5.1378
248 0.8486 6.3193
249 1.4814 6.3257
250 1.4371 5.3595
251 0.5286 4.3524
252 0.4871 5.2183
253 1.5729 5.3331
254 2.9414 5.4326
255 3.4071 5.6133
256 2.2 5.8431
257 2.04 5.9284
258 4.0871 3.5067
259 2.4057 3.1337
260 2.5943 3.3555
261 4.8986 3.0271
262 4.0157 3.0600
263 4.0271 2.7489
264 4.3471 2.5269
265 5.44 2.1191
266 - 1.8976
267 4.7543 2.0963
268 5.3757 2.1989
269 5.2729 2.2995
270 5.95 1.9922
271 4.9843 1.7874
272 4.6657 1.6326
273 5.2286 1.5242
274 3.9686 1.7998
275 4.4814 1.9959
276 4.4214 2.1711
277 6.8414 2.2710
278 5.5229 3.4788
279 4.4614 4.2939
280 2.9014 4.8626
281 1.82 5.2648
XIII - 8
II - 68
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
282 1.43 6.9138
283 1.72 7.6000
284 1.3729 7.8954
285 1.0486 7.8174
286 1.1714 8.7188
287 1.0014 8.7041
288 0.7743 8.8781
289 0.7943 8.7508
290 1.2071 7.6480
291 0.8614 7.4483
292 1.36 6.8722
293 1.1386 6.3192
294 1.2843 9.4292
295 0.8371 5.2039
296 0.57 6.3750
297 0.5343 6.3359
298 0.4643 5.3422
299 0.3286 4.3355
300 0.2886 5.2582
301 0.5443 5.2906
302 0.3529 5.4472
303 0.8914 5.6783
304 1.0814 5.8397
305 1.5543 5.9545
306 - 3.5499
307 2.2057 3.1394
308 3.4343 3.4004
309 5.3886 3.0536
310 5.1843 3.1100
311 4.0543 2.7761
312 2.9214 2.5633
313 4.1171 2.1589
314 5.01 1.9065
315 5.1686 2.1013
316 5.1043 2.2106
317 5.2829 2.2818
XIII - 9
II - 69
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
318 5.5871 1.9742
319 5.8943 1.7751
320 5.58 1.6410
321 5.5557 1.5332
322 6.0467 1.7946
323 4.8057 1.9879
324 4.6143 2.1498
325 2.69 2.2923
326 3.7686 3.4745
327 4.0471 4.2987
328 2.93 4.8319
329 4.19 5.2473
330 2.6357 6.8653
331 3.73 7.5839
332 4.6443 7.9072
333 3.45 7.9078
334 4.0857 8.7450
335 2.6343 8.7004
336 2.1257 8.9166
337 1.7671 8.7959
338 1.6586 7.6130
339 4.4643 7.4757
340 - 6.8977
341 3.4871 6.3613
342 4.1671 9.4438
343 3.9143 5.1932
344 2.4057 6.3519
345 2.2814 6.3078
346 2.2929 5.3331
347 1.8086 4.3579
348 1.4171 5.2471
349 1.3667 5.3025
350 1.46 5.4683
351 2.2957 5.6564
352 2.9357 5.8253
353 2.5014 5.9521
XIII - 10
II - 70
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
354 3.0629 3.4769
355 2.8643 3.1486
356 1.5686 3.3869
357 0.9314 3.0040
358 2.1714 3.0305
359 3.4857 2.7669
360 4.3957 2.5209
361 5.0514 2.1482
362 5.07 1.8993
363 5.9043 2.0623
364 5.0229 2.1770
365 5.0271 2.2520
366 5.3986 1.9486
367 7.0614 1.7554
368 8.8057 1.6163
369 6.1471 1.4977
370 8.2743 1.7351
371 7.7586 1.9217
372 8.7014 2.1304
373 7.6429 2.2873
374 - 3.4634
375 6.7043 4.2791
376 8.3343 4.7843
377 7.7143 5.2809
378 5.2286 6.9118
379 4.3886 7.6442
380 6.8129 7.9473
381 6.5729 7.9067
382 3.3643 8.7773
383 5.2729 8.7079
384 2.7457 8.9782
385 1.89 8.7340
386 1.6986 7.6445
387 1.4729 7.4739
388 1.7814 6.8900
389 1.8171 6.3626
XIII - 11
II - 71
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
390 1.4729 9.3221
391 1.2543 5.2231
392 0.9429 6.2799
393 0.86 6.4338
394 0.9457 5.3364
395 1.1171 4.3334
396 1.1443 5.2267
397 1.0757 5.3010
398 1.06 5.4445
399 1.06 5.6461
400 1.0171 5.8296
401 0.9543 5.9673
402 0.9014 3.4983
403 0.8771 3.1173
404 0.8757 3.3420
405 0.8 2.9404
406 0.7929 2.9708
407 0.7914 2.7064
408 0.79 2.5244
409 0.79 2.1242
410 0.7871 1.8914
411 0.8 2.0858
412 1.2657 2.1919
413 1.0943 2.2651
414 - 1.9562
415 1.4914 1.7664
416 3.5057 1.6168
417 4.46 1.5056
418 5.72 1.7620
419 6.5286 1.9545
420 6.7586 2.1340
421 6.2729 2.2665
422 3.6843 3.4881
423 5.0357 4.2871
424 6.5429 4.8346
425 6.2757 5.3121
XIII - 12
II - 72
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
426 5.8643 6.8825
427 6.3657 7.6905
428 5.8257 7.9956
429 4.7429 7.8703
430 6.0914 8.7361
431 5.3714 8.7214
432 5.9871 8.8725
433 5.7071 8.7216
434 5.7414 7.6542
435 4.5071 7.4705
436 6.35 6.8454
437 6.7014 6.2861
438 5.8957 9.2963
439 5.7671 5.2074
440 4.62 6.2711
441 2.9443 6.2953
442 3.3871 5.3218
443 2.4157 4.3144
444 1.9457 5.2112
445 1.7829 5.3020
446 1.6957 5.4975
447 1.69 5.5923
448 1.69 5.7634
449 1.6186 5.9289
450 1.5771 3.4547
451 1.4657 3.0754
452 1.4 3.3324
453 1.3957 2.9775
454 - 2.9706
455 1.38 2.6835
456 1.38 2.4483
457 1.38 2.0683
458 1.4114 1.8408
459 1.7671 2.0228
460 1.74 2.1534
461 3.4871 2.2354
XIII - 13
II - 73
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
462 4.0243 1.9414
463 5.0871 1.7413
464 4.4943 1.5963
465 5.1 1.5009
466 4.7643 1.7436
467 3.8514 1.9483
468 3.9786 2.1283
469 3.9086 2.2955
470 6.3286 3.4665
471 5.8886 4.2786
472 7.3086 4.8530
473 7.5914 5.2341
474 7.3243 6.9319
475 8.6429 7.5874
476 9.4114 7.9151
477 8.9386 7.8197
478 7.6943 8.7369
479 6.8329 8.6369
480 7.7871 8.9793
481 6.81 8.7904
482 6.7286 7.6269
483 4.6943 7.4480
484 4.4171 6.8332
485 6.35 6.3277
486 6.1529 9.3737
487 4.1357 5.1688
488 - 6.2453
489 3.0186 6.3277
490 4.1514 5.3580
491 3.5186 4.3394
492 2.35 5.2260
493 1.99 5.3009
494 2.67 5.5127
495 1.84 5.6345
496 1.7229 5.7963
497 2.72 5.9585
XIII - 14
II - 74
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
498 1.8 3.5123
499 1.7471 3.0924
500 1.6514 3.2823
501 1.5814 2.9342
502 1.4 2.9727
503 1.4086 2.7097
504 1.4971 2.5014
505 2.1043 2.0372
506 2.35 1.8354
507 4.78 1.9917
508 3.2671 2.1107
509 2.3243 2.2071
510 3.2571 1.9256
511 3.5357 1.7370
512 2.8729 1.5983
513 2.0657 1.4823
514 1.4257 1.7339
515 1.3529 1.9338
516 1.43 2.1452
517 2.4329 2.3080
518 4.5786 3.4280
519 7.3643 4.2194
520 5.8414 4.7873
521 3.7143 5.2403
522 - 6.8352
523 4.6214 7.5830
524 6.2829 7.9275
525 7.1686 7.9560
526 7.3957 8.7194
527 6.5957 8.7024
528 6.5614 8.9579
529 7.8171 8.7843
530 6.9343 7.6692
531 7.6457 7.5060
532 8.7686 6.8606
533 8.3929 6.3393
XIII - 15
II - 75
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
534 6.01 9.4389
535 6.4671 5.1279
536 6.5543 6.2758
537 4.7371 6.3549
538 6.3257 5.3486
539 5.6014 4.3379
540 3.8386 5.2027
541 4.4214 5.2847
542 2.8714 5.4350
543 2.35 5.5820
544 3.0286 5.8469
545 4.7329 5.9231
546 3.2386 3.4964
547 2.4071 3.1345
548 2.3757 3.3815
549 1.8457 3.0373
550 1.7629 3.0571
551 1.7243 2.7332
552 1.8114 2.5516
553 1.7186 2.1211
554 1.5814 1.8748
555 1.5543 2.0479
556 1.48 2.1647
557 1.3657 2.2623
558 1.5271 1.9613
559 1.4957 1.7678
560 1.37 1.6273
561 1.3371 1.5191
562 - 1.7637
563 1.3229 1.9683
564 1.5357 2.1511
565 2.7771 2.2809
566 3.1214 3.4458
567 2.5116 4.2698
568 2.2357 4.8027
569 2.9186 5.2667
XIII - 16
II - 76
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
570 4.4229 6.9293
571 5.3414 7.6036
572 3.5271 8.0531
573 3.21 7.8996
574 5.0114 8.7678
575 6.3714 8.6942
576 7.4743 8.9589
577 4.7686 8.7909
578 5.7343 7.7259
579 7.8229 7.4750
580 7.8357 6.8662
581 7.8614 6.3781
582 6.4943 9.4145
583 6.7417 5.2176
584 7.2143 6.3667
585 7.45 6.3172
586 6.1471 5.3338
587 8.9157 4.3279
588 8.5686 5.2530
589 7.4871 5.3109
590 7.3714 5.4480
591 5.79 5.6675
592 3.8357 5.9042
593 2.7286 5.9901
594 3.0157 3.4993
595 2.1471 3.1090
596 1.96 3.3920
597 4.1814 3.0387
598 2.8729 3.0013
599 4.4743 2.7885
600 2.9557 2.5843
601 3.5629 2.1397
602 - 1.9226
603 2.1543 2.0667
604 2.4129 2.1456
605 2.17 2.2544
XIII - 17
II - 77
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
606 1.6114 1.9718
607 1.47 1.7720
608 1.3843 1.6264
609 1.2257 1.5132
610 1.2686 1.7969
611 1.91 1.9791
612 1.6514 2.1533
613 2.8157 2.2941
614 2.0957 3.4701
615 2.0286 4.1918
616 3.0114 4.8339
617 1.4814 5.2265
618 1.9043 6.9335
619 3.0786 7.7052
620 4.4214 8.0158
621 3.6 7.8564
622 4.67 8.6513
623 2.62 8.5787
624 2.8771 8.9326
625 4.0729 8.7637
626 3.4486 7.6837
627 5.9229 7.4874
628 7.4214 6.8751
629 6.8171 6.3684
630 6.4043 9.3825
631 7.8757 5.2055
632 6.8914 6.3017
633 7.7771 6.3649
634 9.0571 5.3137
635 7.8857 4.3611
636 - 5.2199
637 5.2929 5.3255
638 5.65 5.3959
639 6.8214 5.6437
640 3.6029 5.7900
641 3.5743 5.9316
XIII - 18
II - 78
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
642 2.6686 3.5248
643 2.9614 3.1060
644 2.6114 3.3834
645 1.9757 3.0659
646 2.7271 3.0695
647 2.27 2.8353
648 2.0071 2.5954
649 2.1914 2.1851
650 3.3229 1.9620
651 1.6671 2.1472
652 1.5543 2.2667
653 1.5029 2.3214
654 1.3343 2.0224
655 1.2557 1.8210
656 1.35 1.6624
657 1.1943 1.5300
658 1.0886 1.7827
659 0.9786 1.9763
660 0.92 2.1608
661 0.89 2.2932
662 0.88 3.4979
663 0.8543 4.3108
664 0.8643 4.8725
665 0.85 5.3279
666 0.8801 6.8684
667 0.8457 7.6533
668 0.78 8.0141
669 0.7086 7.8995
670 - 8.7036
671 0.7114 8.6702
672 1.1314 8.8731
673 1.1829 8.6943
674 3.0186 7.6614
675 3.2157 7.4831
676 6.5171 6.8659
677 5.0586 6.3767
XIII - 19
II - 79
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
678 5.1629 9.3642
679 4.2914 5.2051
680 3.8857 6.2436
681 4.49 6.3645
682 5.87 5.3102
683 8.4171 4.3414
684 7.7829 5.2258
685 7.5429 5.2908
686 6.65 5.4216
687 4.65 5.6282
688 4.81 5.7724
689 6.0143 5.9076
690 6.5957 3.4736
691 6.3686 3.1053
692 6.4986 3.3211
693 3.8757 2.9279
694 3.2271 2.9673
695 4.04 2.7112
696 2.38 2.4571
697 2.4086 2.0621
698 3.5457 1.8456
699 4.8414 2.0459
700 4.3871 2.1904
701 2.2971 2.2876
702 2.77 1.9830
703 2.5471 1.7822
704 1.8914 1.6272
705 1.4314 1.5031
706 1.2943 1.7303
707 1.1943 1.9317
708 1.2829 2.1226
709 1.33 2.2855
710 - 3.5091
711 1.2086 4.3259
712 1.0986 4.8667
713 0.98 5.2451
XIII - 20
II - 80
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
714 0.9171 6.9105
715 0.9114 7.7221
716 0.9829 7.8770
717 0.9357 7.9385
718 0.9871 8.7459
719 1.0429 8.6470
720 1.1986 8.9115
721 1.2614 8.7594
722 2.0457 7.6410
723 2.66 7.4717
724 3.3571 6.8314
725 5.2429 6.3310
726 3.96 9.3628
727 4.9343 5.2071
728 3.9129 6.2800
729 2.7657 6.3068
730 6.0457 5.2955
731 4.7271 4.3552
732 6.5986 5.2006
733 7.94 5.2826
734 5.7514 5.4387
735 5.6914 5.6757
736 4.2857 5.8013
737 6.2014 5.9999
738 8.8014 3.5082
739 7.5643 3.1514
740 7.5943 3.3961
741 5.5414 3.0219
742 5.5071 3.0224
743 5.3214 2.7460
744 5.6829 2.5705
745 6.0743 2.1524
746 5.1171 1.9316
747 4.3386 2.1075
748 4.7971 2.2054
749 4.2729 2.2715
XIII - 21
II - 81
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
750 - 1.9623
751 3.7571 1.7690
752 3.4886 1.6221
753 6.4857 1.5058
754 6.5557 1.7742
755 5.43 1.9649
756 4.3214 2.1545
757 2.6943 2.2928
758 2.6586 3.4688
759 3.7943 4.2658
760 4.4614 4.8769
761 3.3471 5.2231
762 2.2 6.8463
763 2.3543 7.5876
764 1.5643 7.9410
765 1.3857 7.8655
766 1.3686 8.7609
767 1.2271 8.6405
768 1.2157 8.9301
769 1.2043 8.7268
770 1.1329 7.6231
771 1.1943 7.4857
772 1.1786 6.8199
773 1.6443 6.3475
774 1.3314 9.3250
775 3.3243 5.2180
776 3.8329 6.3218
777 3.3229 6.3345
778 1.91 5.3293
779 3.1571 4.2933
780 3.7014 5.1894
781 5.1714 5.2860
782 4.1629 5.4811
783 4.2717 5.6311
784 - 5.8657
785 5.6729 5.9301
XIII - 22
II - 82
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
786 6.31 3.4573
787 8.2043 3.0908
788 7.6457 3.3449
789 5.87 2.9959
790 4.6571 2.9768
791 6.6943 2.7287
792 6.7829 2.5237
793 6.0143 2.1287
794 4.7959 1.8866
795 5.0343 2.0670
796 4.5029 2.1872
797 2.8243 2.2601
798 3.2171 1.9731
799 5.54 1.7884
800 4.0057 1.6443
801 3.59 1.5243
802 2.2743 1.7700
803 3.2886 1.9765
804 3.1786 2.1901
805 3.6429 2.3299
806 2.2571 3.4501
807 1.5386 4.3135
808 1.7386 4.8502
809 2.3157 5.2970
810 2.4514 6.8702
811 2.3086 7.6158
812 1.4114 7.9889
813 1.3843 7.9274
814 1.1786 8.7721
815 1.15 8.7477
816 1.1529 8.9367
817 1.3829 8.7660
818 - 7.6664
819 1.1257 7.5301
820 1.2214 6.8864
821 1.0786 6.3660
XIII - 23
II - 83
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
822 1.0829 9.3368
823 1.2986 5.2187
824 1.0529 6.2772
825 0.9043 6.3755
826 1.0257 5.3489
827 1.8414 4.3320
828 1.6029 5.2151
829 1.4343 5.2987
830 1.2743 5.4247
831 2.1443 5.6458
832 4.6971 5.8831
833 4.8043 5.9748
834 6.5614 3.5123
835 6.4086 3.1529
836 7.05 3.3829
837 6.4414 3.0236
838 6.7971 3.0319
839 6.9357 2.7190
840 4.1586 2.5378
841 6.3329 2.1160
842 8.3571 1.9030
843 7.23 2.0859
844 6.815 2.1886
845 5.5386 2.2880
846 4.9686 1.9998
847 5.9657 1.8020
848 3.35 1.6571
849 4.7886 1.5306
850 5.4514 1.7793
851 6.4929 1.9864
852 7.2671 2.1724
853 4.8929 2.3121
854 3.49 3.4128
855 2.9143 4.2540
856 1.9543 4.8152
857 1.6729 5.2391
XIII - 24
II - 84
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
858 - 6.8722
859 1.3957 7.5291
860 1.2586 7.9338
861 1.2271 7.8796
862 1.1914 8.7796
863 1.1571 8.6639
864 1.1229 8.8934
865 1.08 8.7757
866 1.0329 7.5858
867 0.9971 7.5188
868 0.9629 6.8220
869 0.9171 6.3109
870 0.8586 9.3826
871 0.8357 5.1847
872 0.83 6.2950
873 0.8071 6.3423
874 0.7729 5.3305
875 0.7471 4.3336
876 0.7243 5.2055
877 0.7014 5.3183
878 0.7 5.4274
879 0.7 5.7023
880 1.69 5.7879
881 2.6171 5.9544
882 3.2343 3.4880
883 4.81 3.0761
884 4.5329 3.3364
885 4.7586 3.0028
886 5.6729 3.0250
887 6.3314 2.7384
888 5.9171 2.5062
889 5.9914 2.1443
890 6.9286 1.8966
891 7.2586 2.0484
892 6.95 2.1646
893 6.56 2.2307
XIII - 25
II - 85
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
894 7.2943 1.9476
895 7.61 1.7419
896 6.1514 1.5969
897 4.88 1.4885
898 - 1.7703
899 7.9829 1.9446
900 5.7557 2.1298
901 6.6443 2.2847
902 6.46 3.4975
903 6.1086 4.3448
904 6.3614 4.9579
905 4.9014 5.3651
906 4.2343 6.9177
907 2.3771 7.7146
908 1.9229 8.0245
909 3.2443 7.8583
910 4.6557 8.7385
911 3.35 8.6816
912 1.9429 8.9166
913 1.5943 8.7690
914 1.46 7.6751
915 1.7486 7.5398
916 1.42 6.8881
917 1.15 6.3569
918 0.9529 9.3272
919 1.2014 5.2154
920 1.0771 6.3045
921 0.9957 6.3376
922 2.0429 5.3643
923 5.58 4.3882
924 3.19 5.2515
925 1.8486 5.3201
926 1.5257 5.5337
927 1.6514 5.7470
928 1.9471 5.8681
929 2.7543 5.9660
XIII - 26
II - 86
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
930 2.1514 3.5668
931 2.8329 3.1604
932 - 3.3927
933 1.8586 3.0664
934 4.1129 3.0934
935 5.5271 2.7931
936 7.0343 2.5377
937 6.1514 2.1555
938 7.1457 1.9070
939 4.9871 2.0808
940 4.1425 2.2127
941 2.2952
942 1.9879
943 1.7713
944 1.6115
945 1.5127
946 1.7863
947 1.9894
948 2.1734
949 3.6729 2.3334
950 2.5271 3.5290
951 1.4543 4.2975
952 1.3429 4.8689
953 1.5914 5.2616
954 1.7457 6.8784
955 1.3729 7.5619
956 1.3871 7.9874
957 1.18 7.9702
958 0.3925 8.7628
959 0.4571 8.6773
960 0.4643 8.9756
961 0.6629 8.7467
962 0.4829 7.6668
963 0.3986 7.4737
964 0.2386 6.8521
965 0.4443 6.3264
XIII - 27
II - 87
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
966 - 9.3094
967 0.5914 5.1737
968 0.3029 6.2732
969 0.2971 6.3137
970 0.3 5.3365
971 0.2986 4.3214
972 0.3329 5.2370
973 0.6586 5.2786
974 0.3057 5.4917
975 0.3414 5.6358
976 0.3429 5.7947
977 0.3286 5.9423
978 0.3043 3.4742
979 0.3429 3.1138
980 0.3457 3.3314
981 0.3571 3.0043
982 0.3929 3.0239
983 0.6757 2.7342
984 0.34 2.5043
985 0.4143 2.1217
986 0.5186 1.8850
987 0.4071 2.0664
988 1.2914 2.1784
989 0.6657 2.2473
990 1.2986 1.9587
991 1.33 1.7485
992 1.4571 1.5987
993 2.5829 1.4790
994 6.59 1.7549
995 7.6943 1.9625
996 6.5257 2.1435
997 8.3371 2.3352
998 6.7557 3.5057
999 7.0757 4.2982
1000 6.0371 4.8270
1001 7.2714 5.2595
XIII - 28
II - 88
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1002 8.9171
1003 8.24
1004 8.7686
1005 8.7657
1006 -
1007 5.5971
1008 4.5857
1009 3.7829
1010 2.7329
1011 2.5829
1012 2.3886
1013 1.4614
1014 1.1
1015 1.1786
1016 1.1086
1017 0.8929
1018 0.85
1019 0.8286
1020 0.79
1021 0.7529
1022 0.7014
1023 0.6871
1024 0.6571
1025 0.6057
1026 0.55
1027 0.5
1028 0.5
1029 0.5
1030 0.5
1031 0.5
1032 0.5
1033 0.5
1034 0.7714
1035 0.5243
1036 0.5
1037 2.1386
XIII - 29
II - 89
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1038 3.18
1039 4.6857
1040 4.5443
1041 4.6214
1042 4.5071
1043 2.3986
1044 1.625
1045 3.2614
1046 -
1047 3.11
1048 4.5457
1049 6.2157
1050 8.3443
1051 7.9314
1052 6.9614
1053 8.0214
1054 6.8829
1055 7.67
1056 8.0243
1057 7.2229
1058 7.0843
1059 6.7086
1060 4.8586
1061 2.6614
1062 4.1129
1063 3.4514
1064 3.0086
1065 1.8371
1066 1.8
1067 2.0629
1068 4.2329
1069 4.39
1070 3.7557
1071 1.8614
1072 3.18
1073 2.05
XIII - 30
II - 90
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1074 1.3571
1075 1.2357
1076 1.0571
1077 0.8814
1078 0.8
1079 0.8
1080 -
1081 0.8
1082 0.8
1083 0.8
1084 0.8714
1085 1.3686
1086 2.4086
1087 3.6157
1088 2.1371
1089 2.2357
1090 4.7629
1091 7.5529
1092 7.4571
1093 7.06
1094 7.65
1095 5.0171
1096 4.9214
1097 3.4057
1098 4.3314
1099 5.2486
1100 6.8543
1101 5.62
1102 7.75
1103 7.5214
1104 6.81
1105 7.0571
1106 5.4986
1107 7.0057
1108 6.4971
1109 5.5186
XIII - 31
II - 91
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1110 3.2686
1111 2.7643
1112 5.7886
1113 5.86
1114 -
1115 2.9886
1116 1.8114
1117 1.5743
1118 1.4471
1119 1.3571
1120 1.1143
1121 1.2486
1122 1.1557
1123 1.0729
1124 0.95
1125 0.9571
1126 0.8471
1127 0.78
1128 0.8014
1129 1.4686
1130 1.1386
1131 0.98
1132 0.9971
1133 0.8371
1134 0.71
1135 0.7
1136 0.7071
1137 1.7257
1138 1.4257
1139 1.7686
1140 2.2995
1141 4.5433
1142 4.901
1143 5.7129
1144 4.8395
1145 5.1271
XIII - 32
II - 92
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1146 7.7843
1147 6.0386
1148 3.5029
1149 2.8857
1150 3.6786
1151 6.88
1152 5.2529
1153 4.4371
1154 -
1155 7.3457
1156 5.5843
1157 6.5129
1158 5.6071
1159 4.1314
1160 3.3043
1161 2.2929
1162 1.8714
1163 2.2757
1164 1.5871
1165 1.05
1166 1.05
1167 1.1529
1168 4.0871
1169 2.5671
1170 2.1729
1171 1.4429
1172 1.0314
1173 1.19
1174 1.0214
1175 0.7729
1176 0.8971
1177 0.8629
1178 0.86
1179 0.8429
1180 0.7471
1181 0.7
XIII - 33
II - 93
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197 2.5167
1198 3.0329
1199 5.1957
1200 3.2486
1201 2.4186
1202 1.8757
1203 3.7943
1204 5.1357
1205 4.31
1206 6.0029
1207 7.8457
1208 7.3729
1209 8.515
1210 7.7829
1211 7.1771
1212 8.2957
1213 8.27
1214 6.3175
1215 5.0429
1216 7.8986
1217 5.9083
XIII - 34
II - 94
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1218 6.1
1219 5.3786
1220 4.2643
1221 2.9114
1222 1.9
1223 2.8483
1224 3.68
1225 5.9671
1226 5.8025
1227 4.565
1228 -
1229 3.6429
1230 3.3
1231 6.1
1232 4.6543
1233 2.94
1234 1.9
1235 1.6
1236 1.28
1237 1.1771
1238 1.1271
1239 1.6
1240 2.6
1241 3.27
1242 3.7286
1243 4.1386
1244
1245 7.8843
1246 6.1229
1247 7.0457
1248 6.5933
1249 4.612
1250 7.4243
1251 6.7657
1252 4.284
1253 6.505
XIII - 35
II - 95
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1254 6.2529
1255 7.5614
1256 7.6271
1257 8.6643
1258 6.4643
1259 5.3657
1260 6.5243
1261 7.7786
1262 -
1263 6.0914
1264 7.9143
1265 7.3829
1266 5.7529
1267 6.1871
1268 7.2214
1269 5.02
1270 3.2886
1271 4.9886
1272 4.21
1273 2.7071
1274 1.6271
1275 1.6
1276 1.5429
1277 1.5
1278 1.5
1279 1.5
1280 2.1786
1281 1.8329
1282 1.4514
1283 1.4686
1284 1.3186
1285 1.1386
1286 0.9129
1287 0.5714
1288 0.5257
1289 0.6443
XIII - 36
II - 96
Week
Number
Average Weekly Water Level
based on Data from January 1975
to December 1999
Average Weekly Water Level
based on Model Output
1290 0.7
1291 0.7286
1292 0.9486
1293 0.8714
1294 2.0814
1295 3.4671
1296 2.7243
1297 4.7114
1298 5.1629
1299 6.0786
1300 6.6014
1301 4.1643
1302 -
1303 5.2986
1304 5.3414
1305 7.4667
XIII - 37
II - 97
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APPENDIX XIV
A COMPLETE MODEL OUTPUT OF SENSITIVITY ANALYSIS ON VICTIM INDICATOR
N
O Parameters Changes
Index of Changes for the Number of:
Villagers with
minor health
problems
Impacted
villagers Deaths
Villagers with
chronic
diseases
Evacuated
villagers
max mean max mean max mean max mean Max mean
1 Weekly water discharge
from upstream
+ 10 % 3.28 13.48 3.53 11.49 4.69 27.35 4.02 9.38 5.65 53.04
- 10 % 3.16 7.09 2.31 7.09 4.97 7.88 4.43 7.09 4.57 9.16
2 Weekly returning water
spilled from plain
+ 10 % -0.57 -1.59 -0.55 -1.61 -0.39 -2.25 -0.30 -1.14 -0.18 -3.38
- 10 % -0.25 -1.75 -0.24 -1.66 -0.65 -2.22 0.17 -0.72 -0.62 -3.48
3 Weekly water discharge
from LC-10
+ 10 % 0.04 -0.02 0.12 -0.04 -0.13 -0.05 0.22 -0.25 -0.06 0.21
- 10 % 0.01 0.15 0.12 0.17 -0.15 0.25 0.18 0.30 -0.44 0.29
4 Weekly water discharge
caused by collapsed
embankment
+ 10 % -0.83 -1.12 -0.84 -0.87 -1.32 -2.67 -0.68 -0.21 -1.23 -5.97
- 10 % -0.88 -1.30 -0.75 -1.23 -1.25 -2.38 -0.52 -1.13 -0.91 -4.29
5 Weekly Water Discharge
to the Plains from the
River
+ 10 % 0.00 -0.37 -0.09 0.25 -0.11 -3.68 0.16 -1.83 -0.24 -8.79
- 10 % 0.00 2.92 0.03 2.82 -0.15 3.24 -0.16 -1.33 -0.40 2.34
6 River capacity + 10 % -0.24 -1.91 -0.25 -1.92 -0.14 -2.02 -1.34 -2.59 -0.16 -1.71
- 10 % -0.24 -1.88 -0.14 -1.90 -0.42 -2.10 -0.37 -2.28 -0.84 -1.99
7 Early warning system 5 0.00 -0.03 0.02 -0.06 0.02 0.11 -0.04 -0.08 0.11 0.48
XIV - 1
II - 11
N
O Parameters Changes
Index of Changes for the Number of:
Villagers with
minor health
problems
Impacted
villagers Deaths
Villagers with
chronic
diseases
Evacuated
villagers
max mean max mean max mean max mean Max mean
procedures 1 0.00 -0.04 0.00 -0.10 -0.04 -0.01 0.00 0.00 0.33 0.77
8 Communication intensity 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 -0.03 -0.04 0.00 -0.10 -0.04 -0.03 -0.47 -3.42 0.37 0.77
9 Availability of emergency
facilities
5 0.01 0.00 0.03 0.00 0.01 0.01 -4.70 -1.63 0.03 0.01
1 -0.03 -0.05 0.00 -0.12 -0.04 -0.04 -22.66 -89.73 0.39 0.91
10 Number of villagers who
stay at home
+ 10 % 1.00 1.00 1.00 1.00 1.27 0.49 9.68 13.18 1.00 0.99
- 10 % 1.02 1.00 1.01 1.00 1.46 0.88 7.89 8.93 1.02 1.00
11 Number of villagers with
chronic disease
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 8.96 13.23 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 7.88 8.92 0.00 0.00
12 Number of villagers living
in areas with elevation of
up to 7 m - 10 % -0.02 -0.03 0.63 0.91 -0.07 -0.07 0.00 -0.01 0.13 0.56
13 Area’s cleanliness
categorisation
5 NA NA NA NA NA NA NA NA NA NA
1 -1.05 -2.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 Effectiveness of medical
treatments
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 -0.53 -3.77 0.00 0.00
15 Effectiveness of
information centres
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.03
16 Involvement of external
parties
5 0.01 0.00 0.00 0.03 0.01 0.00 -3.98 -0.94 0.03 0.01
1 -0.01 -0.02 0.00 0.00 -0.01 0.05 -1.46 -4.30 0.07 0.41
XIV - 2
II - 12
N
O Parameters Changes
Index of Changes for the Number of:
Villagers with
minor health
problems
Impacted
villagers Deaths
Villagers with
chronic
diseases
Evacuated
villagers
max mean max mean max mean max mean Max mean
17 Level of community trust
in formal and informal
leaders
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 Local activists’
participation
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 -0.04 0.00 0.00
19 Initial number of
permanent houses
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 Average cost of minor
repair for a permanent
house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 Average cost of major
repair for a permanent
house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 Number of permanent
houses located below 7 m - 10 % 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 Average cost of rebuilding
for a permanent house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 Aquaculture harvesting + 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.03 0.00 0.01
- 10 % 0.00 0.00 0.04 0.00 0.00 0.01 -0.08 -0.06 0.02 0.00
25 Paddy harvesting + 10 % 0.01 0.01 0.04 0.01 0.03 0.02 0.00 0.04 0.00 0.03
- 10 % -0.01 0.00 -0.02 0.00 0.00 0.00 0.00 0.05 -0.02 -0.02
26 Aquaculture harvesting + 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 0.00 0.00
XIV - 3
II - 13
N
O Parameters Changes
Index of Changes for the Number of:
Villagers with
minor health
problems
Impacted
villagers Deaths
Villagers with
chronic
diseases
Evacuated
villagers
max mean max mean max mean max mean Max mean
for paddy-aquaculture
farmers - 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01
27 Average area of
aquaculture field for high
income farmers.
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.00 0.03
- 10 % 0.01 0.00 0.02 0.00 -0.01 0.00 0.04 -0.01 0.00 -0.01
28 Average field area for
high income paddy field
owners with aquaculture.
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
29 Average paddy field area
for high income family.
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % -0.01 0.00 -0.01 0.00 0.00 0.00 0.00 0.02 -0.02 -0.02
30 Costs of paddy + 10 % -0.01 0.01 -0.02 0.00 0.01 0.03 -0.04 0.01 0.02 0.11
- 10 % 0.02 0.00 -0.02 0.00 -0.04 -0.01 0.04 0.02 -0.02 -0.02
31 Costs of aquaculture + 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 -0.01
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 -0.04 0.00 0.00 0.01
32 Weekly expenditure of
families
+ 10 % 0.00 0.00 0.00 0.00 0.01 0.02 -0.04 -0.03 0.02 0.06
- 10 % -0.01 0.00 -0.04 -0.01 -0.04 -0.01 0.04 0.03 0.00 0.00
33 Average paddy field area
for low income families.
+ 10 % 0.00 0.00 0.02 0.00 0.04 0.01 -0.04 -0.03 0.02 0.04
- 10 % 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.04 -0.02 -0.03
34 Average area of
aquaculture field for
middle income farmers.
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 0.00
35 Average field area for + 10 % 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 -0.01
XIV - 4
II - 14
N
O Parameters Changes
Index of Changes for the Number of:
Villagers with
minor health
problems
Impacted
villagers Deaths
Villagers with
chronic
diseases
Evacuated
villagers
max mean max mean max mean max mean Max mean
middle income paddy field
owners with aquaculture. - 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
36 Average paddy field for
middle income families
+ 10 % 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 -0.01
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
37 Average cost of minor
repair for a non-
permanent house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % -0.01 0.00 -0.04 0.00 -0.03 0.00 0.00 0.02 0.00 -0.01
38 Average cost of major
repair for a non-
permanent house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % -0.01 0.00 -0.04 0.00 -0.03 -0.01 0.00 0.02 0.00 -0.02
39 Number of non-
permanent houses
located below 7 m - 10 % 0.00 0.01 -0.10 0.04 -0.07 -0.05 -0.03 0.02 0.01 -0.16
40 Average cost of rebuilding
for a non-permanent
house
+ 10 % -0.01 0.00 -0.02 0.00 0.01 0.00 -0.04 0.01 0.00 0.01
- 10 % -0.01 -0.01 -0.04 0.00 -0.03 -0.02 0.00 -0.01 -0.02 -0.06
41 Initial number of semi-
permanent houses
+ 10 % -0.01 -0.18 0.02 -0.09 0.01 -0.18 0.14 0.56 -0.09 -1.26
- 10 % 0.01 0.01 -0.02 0.00 -0.01 0.01 -0.14 -0.02 0.09 0.04
42 Average cost of minor
repair for a semi-
permanent house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 -0.01
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
43 Average cost of major
repair for a semi-
permanent house
+ 10 % -0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01
- 10 % 0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02
XIV - 5
II - 15
N
O Parameters Changes
Index of Changes for the Number of:
Villagers with
minor health
problems
Impacted
villagers Deaths
Villagers with
chronic
diseases
Evacuated
villagers
max mean max mean max mean max mean Max mean
44 Number of semi-
permanent houses
located below 7 m - 10 % 0.00 0.01 -0.01 0.01 0.00 0.01 -0.06 -0.04 0.04 0.07
45 Average cost of rebuilding
for a semi-permanent
house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
XIV - 6
II - 16
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APPENDIX XV
A COMPLETE MODEL OUTPUT OF SENSITIVITY ANALYSIS ON DAMAGE LOSSES
INDICATOR
NO Parameters Changes
Index of Changes for the Number of:
Total major
damaged
houses
Total collapsed
houses
Economic
losses of
middle income
family
Economic
losses of high
income family
Economic
losses of low
income family
Minor damaged
houses
max mean Max mean max mean Max mean max mean max mean
1 Weekly water
discharge from
upstream
+ 10 % 27.96 122.43 21.63 35.28 2.95 5.74 3.16 13.95 1.52 13.60 0.33 22.07
- 10 % 8.46 9.13 6.71 8.62 4.00 7.91 5.05 8.20 4.80 8.07 0.33 8.09
2 Weekly returning
water spilled from
plain
+ 10 % -1.35 -4.04 -1.74 -3.28 -0.36 -1.24 -0.63 -1.88 -0.51 -1.65 -0.02 -2.12
- 10 % -0.42 -4.44 2.53 -2.70 -0.35 -1.19 -0.58 -1.50 -0.46 -1.39 -0.06 -2.85
3 Weekly water
discharge from LC-10
+ 10 % 1.64 -0.32 -1.30 -0.05 0.11 -0.12 0.01 -0.11 0.07 -0.03 0.01 0.10
- 10 % 0.52 0.96 1.35 0.08 -0.17 0.08 0.15 0.28 0.22 0.16 0.00 0.28
4 Weekly water
discharge caused by
collapsed
embankment
+ 10 % -7.44 -9.28 -1.19 -4.70 -0.64 -2.55 -1.00 -2.99 -0.67 -2.84 -0.09 -3.69
- 10 % -4.02 -5.03 -3.69 -3.96 -0.93 -2.77 -1.38 -3.14 -1.16 -2.98 -0.08 -3.50
5 Weekly Water
Discharge to the
Plains from the River
+ 10 % 8.89 0.95 -2.25 -0.50 0.53 0.45 0.07 -1.42 0.15 -0.69 0.01 -2.58
- 10 % -8.88 -0.40 2.27 7.96 -0.62 -0.49 0.18 -0.70 0.36 1.05 0.00 2.57
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NO Parameters Changes
Index of Changes for the Number of:
Total major
damaged
houses
Total collapsed
houses
Economic
losses of
middle income
family
Economic
losses of high
income family
Economic
losses of low
income family
Minor damaged
houses
max mean Max mean max mean Max mean max mean max mean
6 River capacity + 10 % -2.75 -2.06 -3.18 -1.47 0.12 -0.14 -0.05 -0.69 -0.04 -0.55 0.07 -0.48
- 10 % -3.38 -2.90 3.43 -1.02 0.22 -0.38 0.07 -0.60 0.01 -0.61 -0.06
-0.83
7 Early warning system
procedures
5 0.00 -0.01 0.02 0.05 -1.53 -1.43 -1.50 -1.49 -1.48 -1.46 0.00 -0.35
1 0.02 0.00 0.01 0.00 -0.43 -0.38 -0.39 -0.39 -0.38 -0.35 0.00 -0.09
8 Communication
intensity
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.02 0.00 0.01 0.00 -0.41 -0.36 -0.36 -0.36 -0.36 -0.33 0.00 -0.08
9 Availability of
emergency facilities
5 0.01 0.00 0.02 0.02 -1.80 -0.58 -1.76 -0.61 -1.74 -0.60 0.00 -0.14
1 0.00 0.01 0.00 0.00 -0.05 -0.08 -0.05 -0.06 -0.05 -0.05 0.00 0.00
10 Number of villagers
who stay at home
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 Number of villagers
with chronic disease
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 Number of villagers
living in areas with
elevation of up to 7 m - 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 Area’s cleanliness
categorisation
5 NA NA NA NA NA NA NA NA NA NA NA NA
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 Effectiveness of
medical treatments
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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NO Parameters Changes
Index of Changes for the Number of:
Total major
damaged
houses
Total collapsed
houses
Economic
losses of
middle income
family
Economic
losses of high
income family
Economic
losses of low
income family
Minor damaged
houses
max mean Max mean max mean Max mean max mean max mean
15 Effectiveness of
information centres
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 -0.01 -0.01 -0.02 -0.01 -0.02 -0.01 0.00 0.00
16 Involvement of
external parties
5 0.00 0.00 0.02 0.01 -1.52 -0.34 -1.49 -0.35 -1.47 -0.34 0.00 -0.08
1 0.00 0.02 0.00 0.00 -0.05 -0.09 -0.05 -0.07 -0.05 -0.06 0.00 -0.01
17 Level of community
trust in formal and
informal leaders
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 Local activists’
participation
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 Initial number of
permanent houses
+ 10 % 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.06
- 10 % 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.07
20 Average cost of minor
repair for a permanent
house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.99 0.95 0.00 0.00 0.00 0.02
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 1.04 0.98 0.00 0.00 0.00 0.01
21 Average cost of major
repair for a permanent
house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 Number of permanent
houses located below
7 m - 10 % -0.02 -0.05 0.54 0.09 0.00 0.00 0.00 -0.01 -0.01 0.00 0.02 0.04
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NO Parameters Changes
Index of Changes for the Number of:
Total major
damaged
houses
Total collapsed
houses
Economic
losses of
middle income
family
Economic
losses of high
income family
Economic
losses of low
income family
Minor damaged
houses
max mean Max mean max mean Max mean max mean max mean
23 Average cost of
rebuilding for a
permanent house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 Aquaculture
harvesting
+ 10 % -0.32 -1.62 0.07 0.07 0.89 0.81 -0.03 0.09 0.02 0.10 0.00 -0.45
- 10 % 0.78 -2.27 -0.56 -0.07 0.73 1.18 0.05 0.16 0.05 0.09 0.00 -0.49
25 Paddy harvesting + 10 % -0.17 -1.44 0.07 0.08 0.80 0.69 0.03 0.09 0.00 0.04 0.00 -0.03
- 10 % -0.16 -1.48 -0.02 -0.22 0.82 0.70 0.04 0.06 -0.01 -0.04 0.00 0.02
26 Aquaculture
harvesting for paddy-
aquaculture farmers
+ 10 % -0.13 -0.63 0.00 0.00 0.27 0.27 -0.01 0.03 -0.01 0.01 -0.01 -0.20
- 10 % 0.25 -0.46 -0.54 -0.07 0.10 0.24 0.06 0.06 0.01 0.00 0.01 -0.29
27 Average area of
aquaculture field for
high income farmers.
+ 10 % 0.00 0.03 0.07 0.09 0.00 0.01 -0.01 0.03 0.04 0.09 0.00 -0.19
- 10 % 0.00 0.01 0.04 0.01 -0.01 0.00 0.00 0.05 0.01 0.05 0.00 -0.25
28 Average field area for
high income paddy
field owners with
aquaculture.
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 -0.01
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 -0.01
29 Average paddy field
area for high income
family.
+ 10 % 0.00 0.00 0.00 0.05 0.00 0.00 -0.01 0.03 0.01 0.05 0.00 -0.13
- 10 % 0.00 -0.01 0.00 -0.05 0.00 0.01 0.03 0.05 0.00 -0.04 0.00 0.24
30 Costs of paddy + 10 % 0.16 0.89 0.01 0.16 -0.43 -0.36 -0.05 -0.06 0.00 -0.01 0.00 0.49
- 10 % 0.15 0.94 -0.09 -0.09 -0.39 -0.46 0.05 -0.06 0.01 -0.02 0.01 -0.07
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NO Parameters Changes
Index of Changes for the Number of:
Total major
damaged
houses
Total collapsed
houses
Economic
losses of
middle income
family
Economic
losses of high
income family
Economic
losses of low
income family
Minor damaged
houses
max mean Max mean max mean Max mean max mean max mean
31 Costs of aquaculture + 10 % -1.06 1.79 0.00 0.00 -0.49 -0.68 -0.02 -0.11 -0.02 -0.02 0.00 0.10
- 10 % 0.15 1.22 0.00 0.02 -0.47 -0.57 0.01 -0.06 0.03 -0.02 0.01 0.06
32 Weekly expenditure of
families
+ 10 % 0.16 1.17 0.42 0.85 -0.74 -0.58 -0.02 -0.09 -0.06 -0.21 0.01 1.13
- 10 % 0.16 1.22 0.16 -0.05 -0.68 -0.62 0.01 -0.07 -0.03 -0.28 0.01 0.71
33 Average paddy field
area for low income
families.
+ 10 % 0.00 0.08 0.02 0.13 0.00 0.01 0.02 0.00 0.03 0.04 0.00 0.00
- 10 % 0.00 -0.01 0.00 -0.03 -0.01 0.01 0.00 0.01 0.02 0.08 0.00 -0.36
34 Average area of
aquaculture field for
middle income
farmers.
+ 10 % -0.09 -0.60 0.07 0.00 0.42 0.30 -0.02 0.00 -0.02 0.03 0.00 0.01
- 10 % -0.16 -0.75 -0.07 -0.01 0.63 0.37 0.00 -0.01 -0.02 0.01 0.00 -0.15
35 Average field area for
middle income paddy
field owners with
aquaculture.
+ 10 % -0.15 -1.30 0.00 -0.01 0.64 0.56 -0.02 0.01 0.01 0.03 -0.01 -0.08
- 10 % -0.16 -0.89 0.00 0.04 0.64 0.43 0.02 0.01 0.03 0.01 0.00 -0.10
36 Average paddy field
for middle income
families
+ 10 % -0.15 -1.30 0.00 -0.01 0.64 0.56 -0.02 0.01 0.01 0.03 -0.01 -0.08
- 10 % -0.16 -0.89 0.00 0.04 0.64 0.43 0.02 0.01 0.02 0.01 0.00 -0.10
37 Average cost of minor
repair for a non-
permanent house
+ 10 % 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.03
- 10 % 0.00 -0.08 0.00 -0.04 0.00 0.00 -0.02 0.00 0.01 0.01 0.00 0.00
38 Average cost of major
repair for a non-
+ 10 % 0.00 -0.01 0.01 0.00 0.01 -0.01 0.00 -0.01 0.86 0.66 0.00 0.19
- 10 % 0.00 -0.07 0.00 -0.01 -0.01 0.00 -0.02 0.00 0.85 0.69 0.00 0.13
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NO Parameters Changes
Index of Changes for the Number of:
Total major
damaged
houses
Total collapsed
houses
Economic
losses of
middle income
family
Economic
losses of high
income family
Economic
losses of low
income family
Minor damaged
houses
max mean Max mean max mean Max mean max mean max mean
permanent house
39 Number of non-
permanent houses
located below 7 m - 10 % 0.00 0.00 1.37 1.54 0.10 -0.02 0.15 0.02 -0.03 0.01 0.09 -0.07
40 Average cost of
rebuilding for a non-
permanent house
+ 10 % 0.00 -0.01 -0.05 -0.06 0.01 0.00 0.00 0.00 0.11 0.16 0.00 0.31
- 10 % 0.00 -0.13 -0.01 -0.15 -0.01 0.01 -0.02 0.00 0.08 0.15 0.00 0.26
41 Initial number of semi-
permanent houses
+ 10 % -1.57 10.66 -0.52 -3.31 0.15 8.11 -0.11 0.49 -0.07 0.51 0.41 10.23
- 10 % 3.19 0.88 0.52 0.10 0.07 0.55 0.11 -0.02 0.08 -0.02 0.42 0.17
42 Average cost of minor
repair for a semi-
permanent house
+ 10 % -0.03 -0.13 0.00 0.00 -0.01 0.07 0.00 0.01 0.00 0.00 0.00 0.06
- 10 % -0.01 0.05 0.00 0.00 0.01 0.08 0.00 0.00 0.00 0.00 0.01 0.03
43 Average cost of major
repair for a semi-
permanent house
+ 10 % -0.13 0.56 0.00 -0.02 0.74 0.69 -0.01 0.00 -0.02 -0.01 -0.01 -0.15
- 10 % 0.09 0.94 0.00 0.03 0.63 0.59 0.02 0.01 0.01 -0.02 0.00 -0.07
44 Number of semi-
permanent houses
located below 7 m - 10 % 1.00 1.00 0.18 0.15 0.02 1.10 0.04 -0.03 0.03 -0.03 0.02 0.10
45 Average cost of
rebuilding for a semi-
permanent house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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APPENDIX XVI
A COMPLETE MODEL OUTPUT OF SENSITIVITY ANALYSIS ON RECOVERY
INDICATOR
N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
1 Weekly
water
discharge
from
upstream
+ 10 % -0.23 -17.06 -51.99 -1.49 -7.25 -2.15 -1.63 -4.17 -10.17 9.44 50.73 19.94 24.93 26.17
- 10 % 1.96 -17.41 -1.18 -0.74 -4.03 -2.42 -3.84 -4.41 -9.81 6.98 9.16 7.89 8.77 8.42
2 Weekly
returning
water
spilled from
plain
+ 10 % -1.03 2.58 0.31 0.07 0.96 0.77 0.17 0.77 5.72 -1.15 -3.27 -1.81 -2.77 -2.85
- 10 % -0.22 3.78 0.24 0.24 0.96 1.56 0.02 0.86 6.05 -1.02 -3.34 -3.05 -3.17 -3.07
3 Weekly
water
discharge
from LC-10
+ 10 % -0.99 -0.43 -0.01 0.02 0.01 -0.17 -0.07 -0.07 -0.05 -0.34 0.26 0.24 0.23 0.10
- 10 % 0.85 0.07 0.07 -0.05 -0.11 -0.11 -0.08 -0.05 0.30 0.18 0.29 0.17 0.37 -0.09
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N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
4 Weekly
water
discharge
caused by
collapsed
embank-
ment
+ 10 % 0.57 4.15 NA 0.57 4.15 NA -0.10 0.47 NA -0.33 -5.82 -3.40 -4.03 -3.85
- 10 % -1.99 3.89 NA -0.02 1.20 NA 0.22 0.48 NA -1.12 -4.25 -3.28 -3.90 -3.44
5 Weekly
Water
Discharge
to the
Plains from
the River
+ 10 % -0.23 -3.60 -0.18 -0.14 0.29 -0.18 0.29 -0.53 -0.23 -2.29 -8.05 -1.91 -1.68 2.39
- 10 % 1.30 0.85 0.12 0.03 -2.56 -0.24 -0.08 -3.05 0.07 1.38 1.51 -2.00 4.13 0.24
6 River
capacity
+ 10 % -0.01 2.05 -0.05 0.13 0.69 -0.01 0.95 1.17 0.65 -2.47 -1.66 -0.40 -1.33 -1.10
- 10 % 0.62 2.29 -0.01 0.77 0.56 0.49 0.81 0.75 1.49 -2.33 -1.91 -1.00 -1.73 -1.50
7 Early
warning
system
procedures
5 -1.12 0.36 0.83 -0.01 0.32 0.92 -0.03 0.02 0.05 -0.08 0.01 -0.48 -0.05 0.04
1 -0.37 -0.56 0.17 0.00 0.11 0.23 0.00 0.01 0.04 0.00 0.00 -0.12 -0.03 0.00
8 Communi- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
XVI - 2
II - 25
N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
cation
intensity 1 -0.35 -0.52 0.16 0.00 0.10 0.22 0.00 0.01 0.04 -3.72 -1.26 -0.12 -0.03 0.00
9 Availability
of
emergency
facilities
5 -1.32 0.15 0.31 -0.01 0.13 0.34 -0.03 0.01 0.02 -1.63 0.00 -0.20 -0.02 0.02
1 -0.06 0.01 0.02 0.00 0.01 0.03 0.00 0.00 0.01 -32.69 -1.49 -0.01 0.00 0.00
10 Number of
villagers
who stay at
home
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.09 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.80 0.00 0.00 0.00 0.00
11 Number of
villagers
with chronic
disease
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.01 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.84 0.00 0.00 0.00 0.00
12 Number of
villagers
living in
areas with
elevation of
up to 7 m - 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00
13 Area’s
cleanliness
categorisa-
5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
tion
14 Effective-
ness of
medical
treatments
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -4.07 0.00 0.00 0.00 0.00
15 Effective-
ness of
information
centres
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 -0.05 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 Involve-
ment of
external
parties
5 -1.12 0.08 0.14 -0.01 0.08 0.15 -0.03 0.01 0.01 -0.94 0.00 -0.11 -0.01 0.01
1 -0.06 0.01 0.03 0.00 0.02 0.04 0.00 0.00 0.02 -2.72 0.00 -0.01 0.00 0.00
17 Level of
community
trust in
formal and
informal
leaders
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 Local
activists’
participa-
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 0.00 0.00 0.00 0.00
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N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
tion
19 Initial
number of
permanent
houses
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 Average
cost of
minor
repair for a
permanent
house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 -0.03 -0.16 0.00 0.00 0.01 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.05 -0.03 -0.06 0.00 0.00 0.01 0.00 0.00
21 Average
cost of
major
repair for a
permanent
house
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 Number of
permanent
houses
located
below 7 m - 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02
23 Average
cost of
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
rebuilding
for a
permanent
house
24 Aqua-
culture
harvesting
+ 10 % -0.94 3.14 NA -0.21 0.75 NA 1.22 1.95 NA 0.00 0.00 -0.62 -1.99 0.08
- 10 % -0.15 0.86 NA 0.68 0.87 NA 0.48 1.55 NA -0.04 -0.01 -0.60 -3.94 -0.04
25 Paddy
harvesting
+ 10 % 1.55 4.42 NA 0.94 0.88 NA 0.90 2.33 NA 0.02 0.02 0.05 -1.70 0.04
- 10 % 1.19 3.46 NA 0.09 -0.34 NA 0.97 1.13 NA 0.04 -0.01 0.20 -2.25 -0.19
26 Aqua-
culture
harvesting
for paddy-
aquaculture
farmers
+ 10 % -0.54 3.16 NA -0.02 -0.02 NA 5.37 1.72 NA -0.03 0.00 -0.21 -0.66 0.00
- 10 % 0.41 2.05 NA 0.00 -0.01 NA 0.31 1.56 NA 0.02 0.01 -0.27 -0.72 -0.01
27 Average
area of
aquaculture
field for
high
income
farmers
+ 10 % 0.00 0.00 0.00 -0.31 0.45 0.08 0.26 0.62 -0.05 0.04 0.02 -0.27 0.02 0.07
- 10 % 0.00 -0.01 0.00 0.43 0.53 0.07 0.23 0.39 0.00 -0.01 -0.01 -0.31 -0.01 -0.02
28 Average + 10 % 0.00 0.00 0.00 0.00 0.00 0.00 1.26 0.72 -0.16 0.00 0.00 -0.01 0.00 0.00
XVI - 6
II - 29
N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
field area
for high
income
paddy field
owners with
aquaculture - 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.71 0.02 0.00 0.00 -0.01 0.00 0.00
29 Average
paddy field
area for
high
income
family
+ 10 % 0.00 0.00 0.00 0.09 0.38 0.05 0.34 1.06 0.44 0.00 0.00 -0.14 0.00 0.06
- 10 % 0.08 0.02 0.00 -0.53 -0.65 0.01 0.52 0.82 0.52 0.02 -0.02 0.34 0.00 -0.05
30 Costs of
paddy
+ 10 % -0.71 -2.57 0.00 -0.44 -0.49 -0.14 -0.29 -1.35 -1.92 0.00 0.10 0.47 1.29 0.18
- 10 % 0.87 -2.97 0.00 -0.21 -0.12 -0.05 -1.25 -1.86 -1.60 0.03 -0.02 -0.15 1.18 -0.03
31 Costs of
aquaculture
+ 10 % 0.55 -1.18 0.17 -0.05 -0.12 0.01 -0.13 -1.20 -2.27 0.02 0.00 0.14 2.41 0.00
- 10 % 2.29 -1.62 0.08 0.00 -0.06 -0.02 -0.94 -1.73 -2.33 0.02 0.01 0.11 1.32 0.00
32 Weekly
expenditure
of families
+ 10 % -1.08 -2.80 0.09 -0.21 -1.36 -0.85 -0.53 -1.09 -1.53 -0.03 0.05 1.15 1.88 0.67
- 10 % -0.96 -3.15 0.09 -0.13 -1.48 -0.64 -1.32 -1.81 -1.32 0.04 0.01 0.98 1.59 -0.09
33 Average
paddy field
area for low
income
+ 10 % -0.10 -0.02 0.00 0.41 0.50 -0.01 0.00 0.00 -0.19 -0.03 0.03 -0.02 0.02 0.11
- 10 % 0.10 0.02 0.00 0.34 0.55 0.03 0.00 0.00 0.00 0.03 -0.02 -0.40 -0.02 -0.03
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N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
families
34 Average
area of
aquaculture
field for
middle
income
farmers.
+ 10 % -2.04 0.03 -0.08 0.10 0.21 0.02 0.00 0.00 0.00 0.01 -0.01 -0.05 -0.60 0.01
- 10 % 1.95 2.40 -0.63 0.15 0.20 0.19 0.00 0.00 0.00 -0.02 0.00 -0.10 -1.22 0.00
35 Average
field area
for middle
income
paddy field
owners with
aquaculture
+ 10 % 0.88 2.72 -0.09 0.00 0.15 0.02 0.00 0.00 0.00 0.00 -0.01 -0.07 -1.38 0.01
- 10 % 1.46 2.41 -0.03 -0.68 0.01 0.00 0.00 0.00 0.00 0.00 0.01 -0.07 -1.32 0.02
36 Average
paddy field
for middle
income
families
+ 10 % 0.88 2.72 -0.09 0.00 0.15 0.02 0.00 0.00 0.00 0.00 -0.01 -0.07 -1.38 0.01
- 10 % 1.46 2.41 -0.03 -0.68 0.01 0.00 0.00 0.00 0.00 0.00 0.01 -0.07 -1.32 0.02
37 Average
cost of
minor
repair for a
+ 10 % 0.00 0.00 0.00 -0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02
- 10 % 0.00 0.01 0.00 0.00 0.00 0.01 -0.01 0.00 0.18 0.02 -0.01 0.00 -0.01 -0.03
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N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
non-
permanent
house
38 Average
cost of
major
repair for a
non-
permanent
house
+ 10 % 0.00 0.00 0.00 0.02 -0.37 -1.02 0.00 0.00 0.00 0.00 0.00 0.19 0.01 0.01
- 10 % 0.00 0.01 0.00 0.06 -0.35 -1.02 0.00 0.00 0.18 0.02 -0.01 0.17 0.00 0.02
39 Number of
non-
permanent
houses
located
below 7 m - 10 % -0.04 0.12 0.00 0.01 -0.01 0.06 0.02 0.01 0.28 0.04 -0.16 -0.24 -0.03 -0.05
40 Average
cost of
rebuilding
for a non-
permanent
house
+ 10 % 0.00 0.01 0.00 -0.04 -0.07 -0.26 0.00 0.00 0.00 0.01 0.01 0.36 0.01 -0.03
- 10 % 0.10 0.03 0.00 0.04 -0.07 -0.24 -0.02 0.00 0.19 0.00 -0.05 0.34 -0.03 -0.11
41 Initial
number of
semi-
+ 10 % -0.47 -9.69 NA 0.03 -0.07 NA -0.01 0.18 NA -0.09 -1.05 2.80 7.40 -2.06
- 10 % 0.85 -0.65 NA -0.03 0.00 NA 0.01 -0.01 NA 0.00 0.03 -0.01 0.35 0.06
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N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
permanent
houses
42 Average
cost of
minor
repair for a
semi-
permanent
house
+ 10 % -0.06 -0.08 -0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.01 -0.01 0.02 0.03 0.00
- 10 % 0.23 -0.01 -0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
43 Average
cost of
major
repair for a
semi-
permanent
house
+ 10 % 2.27 2.85 -0.81 -0.04 -0.06 -0.01 0.00 0.00 0.00 0.00 0.01 -0.04 0.89 0.00
- 10 % 2.22 0.41 -0.86 0.01 -0.05 -0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.92 0.01
44 Number of
semi-
permanent
houses
located
below 7 m - 10 % 0.34 -1.29 NA -0.01 0.00 NA 0.00 -0.01 NA 0.00 0.06 -0.05 0.70 0.11
45 Average
cost of
rebuilding
+ 10 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 10 % 0.00 0.00 0.00 0.01 -0.05 -0.01 8.70 8.75 -0.46 0.00 0.00 0.00 0.00 0.00
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N
O Parameters Changes
Index of Changes on the Number of:
Average savings of middle
income families
Average savings of low
income families
Average savings of
high income families
Weeks for
villagers
with
chronic
diseases
Weeks for
evacuated
villagers
Weeks
for minor
damaged
houses
Weeks for
major
damaged
houses
Weeks for
collapsed
houses
max mean min max mean min max mean min mean finalstep
mean final
step
mean final
step
mean final
step
mean final
step
for a semi-
permanent
house
XVI - 11
II - 10
